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EDITOE^S  PKEFAOE. 


In  preparing  this  edition  of  Fresenius'  Quantitative  Chemical 
Analysis,  the  editor  has  sought  by  various  changes  to  adapt  it  to 
the  wants  of  the  American  student. 

The  foreign  editions  have  attained  such  encyclopedic  dimensions 
as  to  occasion  the  beginner  no  little  confusion  and  embarrassment. 
For  this  reason  the  bulk  of  the  work  has  been  considerably  re- 
duced. A  few  processes  which  the  editor's  experience  lias  con- 
vinced him  are  untrustworthy,  and  many  more  that  can  well  be 
spared  because  they  are  tedious  or  unnecessary,  have  been  omit- 
ted. The  entire  chapter  on  Analysis  of  Mineral  Watei^s,  excellent 
as  it  is,  hafi  been  suppressed  on  account  of  its  length,  and  because 
the  few  who  have  occasion  to  make  detailed  investigations  in  that 
direction  have  access  to  the  original  sources  of  information. 

The  section  on  Organic  Analysis  has  been  reduced  from  sixty  to 
thirty  pages,  mainly  by  the  omission  of  processes  which  from  their 
antiquity  or  inferiority  are  more  curious  than  useful.  The  chap- 
ters on  Acidimetry  and  Alkalimetry  have  been  likewise  greatly 
condensed,  and  all  that  especially  relates  to  Soils  and  Ashea  of 
Plants  has  been  left  out.  The  recent  appearance  of  an  excellent 
pecial  treatise  on  "Agricultural  Chemical  Analysis,"  by  Profes- 
Caldwellj  of  Cornell  University,  justifies  the  hist-named 
omission* 

On  the  other  hand,  some  important  matter  has  been  added. 
Bunsen's  invaluable  new  methods  of  treating  precipitates  are  de- 
iH^ribed  in  his  own  (translated)  words.  Various  new  methods  of 
estimation  and  separation  are  incorporated  in  their  proper  places. 

The  editor  thankfully  acknowledges  his  indebtedness  to  several 
gentlemen  for  special  contributions  to  this  work;  viz.:  To  Dr.  J. 
Lawrence  Smith,  who  lias  kindly  furnished  a  manuscript  account 
of  his  admirable  method  of  fluxing  silicates  for  the  estimation  of 
alkalies.    To  0.  D.  Allen,  Esq.,  late  chemist  to  the  Freedom  Iron 


Ti  editor's  pbefacb. 

Works,  Lewistown,  Pennsylvania,  for  copious  notes  of  his  exten- 
sire  experience  in  the  analyses  of  steel,  iron,  and  iron  ores,  which 
have  been  freely  employed  in  §229.  To  Mr.  Wm.  G.  Mixter, 
chief  assistant  in  the  SheflSeld  Laboratory,  for  the  account  of  the 
gold  and  silver  assay.  To  Professor  Brush,  of  Tale  Collie,  Pro- 
fessor CoUier,  of  Vermont  University,  and  B.  S.  Burton,  Esq.,  of 
Philadelphia,  for  various  important  facts  and  suggestions.  Just 
before  going  to  press.  Dr.  Wolcott  Gibbs  has  communicated  an 
account  of  his  new  method  of  finding  at  once  the  total  correction 
for  temperature,  pressure  and  moisture  in  absolute  determinations 
of  nitrogen  or  other  gases,  which,  from  its  simplicity,  convenience, 
and  accuracy  must  prove  of  the  highest  service  to  chemistry.  It 
will  be  found,  with  some  other  matters,*  in  an  appendix,  p.  619. 

The  additions  which  have  been  made  to  the  methods  of  exam- 
ining ores,  it  is  believed,  adapt  the  work  to  meet  all  the  ordinary 
requirements  of  the  metallurgical  and  mining  student. 

The  editor's  additions  are  distinguished,  in  all  important  cases, 
by  enclosure  in  brackets,  [  ]. 

"While  fully  recognizing  the  necessity  of  teaching  the  new 
notation  and  nomenclature  of  chemistry,  the  editor  has  in  this 
book  retained  the  old  system,  because  it  is  identified  with  the 
chemical  literature  of  the  century,  and  cannot  be  speedily  for- 
gotten by  practical  men.  At  a  time  when  the  most  elementary 
text-books  are  framed  on  the  "modem  "  system,  it  is  important 
to  keep  the  student  exercised  in  the  language  of  tlie  old  masters 
of  tlie  science,  which  is  still,  and  must  for  some  time  remain,  a 
part  of  the  vernacular  of  the  physician,  the  apothecary,  the 
metallurgist,  and  the  manufacturer. 

SAMUEL  W.  JOHNSON. 
Sheffield  Laboratory  of  Tali  Colubgk,  Dec.,  1869. 


*  YvL^  ftanj  of  chrome  lion,  and  aepuation  of  phoephorio  acid  from  lime, 
ahimina,  and  izon. 
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INTRODUCTION. 


As  we  have  already  seen  in  the  "  Manual  of  Qiialitativo  Analysia,^' — 
to  which  Uie  present  work  may  be  regarded  an  the  sequel, — (Siemical 
Analjms  comprises  two  branches,  viz, :  qualiUUive  analy»is  and  quanti- 
iatim  ajudysis^  the  object  of  the  former  being  to  ascertain  the  nature^ 
that  of  the  latter  to  determine  the  amount^  of  the  several  component 
partfi  of  any  compound. 

By  QUALITATIVE  ANALYSIS  We  convert  the  tmknown  conijtitnenta  of  a 
body  into  certain  knot/m  forms  or  combinationfl ;  and  we  ai-^  thus  en- 
abled to  draw  correct  inferences  respecting  the  nature  of  these  unknown 
constituents.  Quantitative  analysis  attains  its  object,  according  to  cir- 
ctunfltances,  often  by  very  different  ways ;  the  two  methods  most  widely 
differing  from  each  other,  are  analysis  by  weighty  or  gravimetric  analysis^ 
and  analysis  by  mmsure^  or  volumetric  wnalyais, 

Qbavimetbjo  akalysis  has  for  its  object  to  convert  the  hwion  con* 
■tituents  of  asabstanoe  into  forms  or  combinations  wMch  will  admit  of 
liie  most  exact  determination  of  their  weight,  and  of  which,  moreover,  the 
composition  is  accurately  known.  These  new  fonns  or  comliinations  may 
be  either  educU  from  the  analyzed  substance,  or  they  may  be  pro^lucU, 
In  the  former  case  the  ascertained  weight  of  the  elimmated  substance  ia 
the  direct  expression  of  the  amount  in  which  it  existed  in  the  compound 
under  examination ;  whilst  in  the  latt-er  case,  that  is^  when  we  have  to 
deaJ  with  products^  the  quantity  in  which  the  eliminated  constituent  waa 
originally  present  in  the  analyzed  compound^  hiva  to  be  de<luced  by 
calculation  from  the  quantity  in  which  it  exists  in  its  new  combination. 

The  following  example  will  serve  to  illustrate  these  points : — Suppose 
wish  to  determine  the  quantity  of  mercury  contained  in  the  chloride 

that  metal ;  now,  we  may  do  this,  either  by  precipitating  the  metallic 
mercury  from  the  solution  of  the  chloride,  say  by  means  of  protochlonde 
of  tin ;  or  we  may  attain  our  object  by  precipitating  the  solution  by  sul- 
phuretted hydrogen,  and  weighing  the  precipitated  sulphide  of  mercury. 
100  parts  of  chloride  of  mercury  consist  of  73*82  of  mercury  and  2(3*18 
of  chlorine;  consequently,  if  the  process  is  conducted  with  absolute 
accuracy,  the  precip*itation  of  1 00  parts  of  chloride  of  mercury  by  proto 
diloride  of  tin  will  yield  73*82  parts  of  metallic  mercury.  With  etpially 
exact  manipulation  the  other  method  yields  85*634  parte  of  sulphide  of 
mfircury* 

Now,  in  the  former  case  we  find  the  number  73*82  directly ;  in  the 
latter  case  we  have  to  deduce  it  by  calculation : — (100  parts  of  sulphide  of 


Aa  tkr^a^  luir^A,  x  'M  mivuixsut'  niOBDnHaiie  aas  iw  sxsHi  into 

iiUil -::^^  vuutirirtfui     iiinr^ '3u>7  3mac  v^  ausme  it  3«aic  ^«^9^ 
9wn<s«il7  -SM*7  jmsm  1^  1^  xaii'in  vunncssmu — sfar  is  2  -inns  ^hrnemB^  on 

-ff^M  4<tf:  4«fmir  -v^  *At,*i'j:  -y'^rygiTig:  AOti  ur  'aa?  •ndusr  Assui^  is  is  eqfasDy 
«i^>f#ttc  '^hAC  j^  'P^  fr-»  ar.«:  j:ar«nr  -sut  -^xn:?  '*c]no«:fizaiiiL  of  &  luffw  prodnct, 

T-vtr  watrasy,  jkjtjlitici  ji  M««»«i  toio.  a  ^«srr«c&«iic  pcaispfe  from  duii 

:»  «M^;  fi7  ^WKr^arsn  is  finoL  &  <9Rr^a£a.  ^F^vst  tasat  u^  sxccker  eqfasDy 
<4Hbufi^  «ttis#^  b^  ivuiui  ^  &  iaai  -^  aeesrasehr  kiu^wiL  povcr  of  action, 

f0i^!9'wu\«i.  ^31^  'trKMi;  pr«in:c  vjuw.  niu^  'sr.tiT'ssciL  s  jowmp&itfd.  The  f:^ 
tv^v;^  «rx;tm^ut  irul  vrre  v^  iZjiasaas^  *^ak  prisapie  cf  ckis  fthod  : — 
V^froMBCiig^toMa^,  ^A  y/iMm^  i^MpA  v>  a  »cx^il  o€  saifhasat  of  ptotoiiile  of 
n^vA^  «#*:wti^U4  vifii  miifkiavt  i^a^L  izKmeciiaSfdj  ccninertt  tie  protoxide  <^ 
ip#/v»  Vf  w^fWft'vhif: :  tk^  prauocttie  aod,  wiiieiL  b  eksraecenaed  bj  its 
MM^Uff^  wu'.ny,  Ti^uimtr  ^^  f'/xr^nL  aowi  <'*'^>^g^g  to  procoxuie  of  mjoigft- 
A^aii^,  -viVi^it  ^rAKiiwai^  iridUb  di^  ndpliitxie  acid  pccsent,  to  coioriesB  snlphate 
^  ^^^y/Zi4^.  '4  iwrnipta^Ji^  li^  th^neffoce,  to  an  acidified  ihdd  eontnining 
^/i^/<cr<4^  ^^  rfMV,  v^  a^  drop  bj  drop,  a  aohxtioa  of  permanganatp  of 
^AnsM^  ».u  r^  ^/k^  <r>f^ttsiK«  for  tfjme  time  to  disappear  iqpon  stirring ; 
hwt  «(  kM«;  a  ff^Afit*  »  nad^d  wikMk  the  coloration  in^Mtfted  to  the  finid 
hf  fJhffi  MmA  ^ff/[f  nMfA  rrftaasoi :  this  point  marks  the  termination  of  the 
mm'9*rrx^m  'A  ih*:  pr'^/xide  ^A  ircm  to  lesqnioxide. 

ff^fw^  \ff  n0'/mr%fj'\j  ^.^^rmiidnf^  the  strength  or  poirer  of  action  of  the 
04*$f^^§  tA  ptTthsutpataA^r  of  yfAaamok — which  is  done  simplj  hr  making  it 
a#A  n{^m  a  kft/fwn  '{oantit/  of  protoxide  of  iron  in  solution,  and  correctly 
u^^Atti^  ff/fw  u$ru^i  fA  it  lA  r^jnired  to  effect  the  conversion  of  that  pro- 
i/fxnUi  Uf  th*:  ctjbt^  (A  mmffniffxyUi — we  are  now  able  with  this  solution  to 
4*!iJfnMrf^,  tl»^  ^xa/;t  tuttf/fint  fA  protoxide  of  iron  present  in  any  solntion. 
TbrM^  w^  Will  AMrfime,  Cr/r  instance,  that  we  have  found  it  takes  exactly 
jffff  jfiufM  fA  f/nr  nfAtiium  fA  permanganate  of  potassa  to  oxidize  2  parts  of 
|^//f//jri/l#j  fA  trfftt ;  if  ft//w,  in  testing,  with  this  standard  solntion  of  per- 
9tmi$fl^hHfJ',  fA  jfffiMmti,  ttny  s^^lution  containing  an  unknown  quantity  of 
fffffUfxtiUi  fA  trfftif  WH  find  that  100  parts  of  our  standard  fluid  are  required 
Ut  //sidi/^  ih#;  iffm^  we  know  at  once  that  the  examined  fluid  contained 
tt%tnt^\y  2  ffarts  fA  pr^H/ixide  of  irc^n ;  if  50  parts  are  required,  we  know 
ibai  1  jiart  of  \irffUfX\thi  fA  iron  was  present,  Ac.  Ac.  Accordingly,  by 
n\m\f\y  fmraKuring  the  qnantity  used  of  our  standard  solution  of  perman- 
IpuriatA  tA  fK/taiMa,  we  arrive  at  once  at  an  accurate  knowledge  of  the  amount 
iA  iffffUfMuh  fA  iron. 

As  the  yrttcA^m  of  mimstiring  is  mostly  adopted,  in  preference  to  that 
of  widgliinKt  ^"^  d<»t4?nnining  the  quantity  used  of  the  standard  fluid,  we 
p¥t^  to  thiM  analytii^l  methoil  the  name  of  "analysis  by  measure."  It 
f(»fnifrally  liiafls  to  tho  attainment  of  the  object  in  view  with  much  greater 
tfXIidditliin  tlian  is  tlio  cas^  with  analysis  by  weight. 
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To  this  brief  intimation  of  the  general  purport  and  object  of  quantita- 
tive analysis,  and  tbe  genei-al  mode  of  proceeding  in  analytical  re- 
searches, I  have  to  add  that  certain  qu»!i 6 cations  are  essential  to  those 
who  would  devote  themselves  successful  ly  to  the  pursuit  of  this  branch. 
These  qualiiicationfi  are,  1,  theoretical  knowledge  j  2,  skill  in  manipula- 
tion ;  and  3,  strict  conscientiousness. 

The  preliminary  knotdedge  required  consists  in  an  acquaintance  with 
qualitative  analysis,  the  stoichiometric  laws,  and  simple  arithmetic.  Thus 
prepared,  we  shall  understand  the  method  by  which  bodies  are  separated 
and  determined,  and  we  shall  be  in  a  position  to  perform  our  calcu- 
ons,  by  which,  on  the  one  hand,  the  fonnulje  of  compounds  are 
need  from  the  anal3rtical  results,  and,  on  the  other  hand,  the  correct- 
of  the  adopted  methods  is  tested,  and  the  i^esults  obtained  are  con- 
trolled. To  this  hwit^edge  must  be  joined  the  ahUity  of  performing  the 
fUCf^sarg  practical  aperaticns.  This  axiom  generally  holds  good  for  all 
Applied  sciences,  but  if  it  is  true  of  one  more  than  another,  quantitative 
•nalysis  m  that  one.  The  most  extensive  and  solid  theoretical  acquire- 
inents  will  not  enable  ur,  for  instance,  to  determine  the  amount  of  com- 
mon salt  present  in  a  solution,  if  we  are  without  the  requidte  dexterity 
to  transfer  a  fluid  from  one  vessel  to  another  without  the  smallest  lom 
spirting,  running  down  the  side,  tVc,  The  various  operations  of 
titative  analysis  demand  great  aptitude  and  manual  skill,  which  can 
be  acquired  only  by  practice.     But  even  the  possosnion  of  the  greatest 

{>iactica]  skill  in  manipulation,  joined  ti:)  a  thorough  theoretical  know- 
edge,  will  still  prove  insuflicent  to  insure  a  successful  pursuit  of  quanti- 
tative researches,  unless  also  combined  with  a  mncere  love  of  tnUk,  and 
a  firm  deUrmmation  to  accept  none  biU  th^^rmtghhj  mnfimifAi  rtmdts. 
Every  ooe  who  has  been  engaged  in  quantitative  analysis  knows  that 
a  will  sometimes  occur,  esf*ecially  when  commencing  the  study,  in 
"If^ich  doubts  may  lie  entertained  as  to  whether  the  result  will  turn  out 
correct,  or  in  which  even  the  operator  is  podiivdy  convinced  that  it 
cannot  lie  quiu  correct.  Thus,  for  instance,  a  small  portioo  of  the  sub^ 
st&nee  under  investigation  may  be  spilled  ;  or  some  of  it  lost  by  decrepi- 
tation ;  or  the  analyst  may  have  reason  to  doubt  the  accuracy  of  his 
weighing ;  or  it  may  happen  that  two  amilyses  of  the  same  substance  do 
not  exactly  agree.  In  all  such  cases  it  is  itidispensable  that  the  operator 
should  be  conscientious  enough  to  repeat  the  whole  process  over  again. 
He  who  is  not  possessed  of  this  self-command — who  shirks  trouble  where 
truth  IB  at  stake — -who  would  be  satisfied  with  mere  assumptions  and 
guesswork,  where  the  attainment  of  positive  certainty  is  the  object, 
must  be  pronounced  just  a^  deficient  in  the  necessary  qualifications  for 
quantilative  analvtical  researches  as  he  who  is  wanting  in  knowledge  or 
udlL  He,  therefore,  who  cannot  fully  trust  his  work — who  cannot  swe.ar 
to  the  correctness  of  his  results,  may  inJeed  occupy  himself  with  quanti- 
tative anttlysis  by  way  of  practice,  but  he  ought  on  no  account  to  publish 
or  use  his  results  as  if  they  were  positive,  since  such  proceeding  could 
not  conduce  to  his  own  advantage,  and  would  certainly  be  mischievous 
10  fiegards  tlje  science. 

The  domain  of  quantitative  analjrsis  may  be  said  to  extend  over  all 
m&ttor — that  is,  in  other  words,  anything  corporeal  may  become  the 
object  of  quantitative  investigation.  The  present  work,  however,  is  in- 
tended to  embrace  only  the  substances  used  in  pharmacy,  arts,  trades,  and 
agriculture. 


nmtQDucTioj^. 


Quantitative  analysis  may  be  subdivided  Into  two  branchea,  viz*,  ana* 
lysis  of  mixtures^  and  analysis  of  cftertdccU  compounds.    This  division  may 
appear  at  first  sight  of  very  small  moment,  yet  it  is  necessary  that  wo 
should  establish  and  naaintain  it,  if  w©  would  fonn  a  clear  conception  of 
the  value  and  utility  of  quantitative  research.     The  quantitative  analy- 
sis of  mixtures,  too,  has  not  the  same  aim  as  that  of  chemical  com-. 
pounds ;  and  the  method  applied  to  secure  the  eorrectness  of  the  results  J 
in  the  fonner  case  is  tliiferent  from  that  adopted  in  the    latter.     Th^*^ 
quantitative  analyras  of  chemical  compoimds  also  rather  sul>8erve8  the^ 
purposes  of  the  science,  whilst  that  of  mixtures  belongs  to  the  practical 
purposes  of  life.     If,  for  instaoce,  I  analyze  the  salt  of  an  acid,  the  result 
of  the  analysis  will  give  me  the  constitution  of  that  acid,  its  combining 
proportion,  saturating  capacity,  <Sic, ;  or,  in  other  words,  the  results  ob- 
tained will  enable  me  to  answer  a  series  of  questions  of  which  the  solu- 
tion is  important  for  the  theory  of  chem^ical  science :  but  if,  on  the  other 
hand,  I  analyze  gunpowder,  alloys,  medicinal  mixtures,  ashes  of  plants, 
Ac.,  (fee,  I  have  a  very  different  object  in  view ;  I  do  not  want  in  such. 
cases  to  apply  the  results  which  I  may  obtain  to  the  solution  of  any  th&«| 
oretical  question  in  chemistry,  b«t  I  want  to  render  a  j)ractical  service.] 
either  to  the  arts  and  industries,  or  to  some  other  science.     If  in  th»| 
analysis  of  a  chemical  compound  I  Tf^ish  to  control  the  results  obtained, 
I  may  do  this  in  most  cases  by  means  of  calculations  based  on  stoichio- 
metric data,  but  in  the  case  of  a  mixture  a  second  analysis  is  necessary^ 
to  confirm  the  correctness  of  the  results  afforded  by  the  firat. 

The  preceding  remarks  clearly  show  the  immense  importance  of  quan- 
titative analysis*  It  may,  indeed,  be  averred  that  chemistry  owes  to 
this  branch  its  elevation  to  the  rank  of  a  science,  since  quantitative 
researches  have  led  us  to  discover  and  determine  the  laws  which  govern 
the  combinations  and  transpositions  of  the  elements,  StoTchioraetry  is 
entirely  based  upon  the  results  of  quantitative  investigations ;  all  iiitional 
views  respecting  the  constitution  of  compounds  rest  upon  them  as  the 
only  safe  and  solid  hasis. 

Quantitative  aiialysis,  therefore,  fonus  the  strongest  and  most  powerful 
lever  for  chemistry  as  a  science,  and  not  less  so  for  chemistry  in  its 
applicationB  to  the  practical  purposes  of  life,  to  trades,  arts,  manufac- 
tures, and  likewise  in  its  application  to  other  sciences.  It  teaches  the 
mineralogist  the  true  nature  of  minerals,  and  suggests  to  him  pHBcipleg^ 
and  rules  for  their  recognition  and  clasailicatiom  It  is  an  Lndispen- 
sable  auxiliary  to  the  physiologist ;  and  agriculture  has  already  derived 
much  benefit  from  it ;  but  fiu:  greater  benefits  may  be  predicted.  We 
need  not  expatiate  here  upon  the  advantages  which  medicine,  phannacy,  ] 
and  every  branch  of  industry  derive,  either  directly  or  indirectly,  from 
the  practical  application  of  it^  results.  On  the  other  hand,  the  benefit 
thus  bestowed  by  quantitative  analysis  upon  the  various  sciences,  arts, 
&c.,  haa  been  in  a  measure  reciprocated  by  some  of  them.  Thus  whilst 
stoTchiometry  owes  its  establishment  to  quantitative  analysis,  the  stoTchio- 
metric  laws  afford  us  the  means  of  controlling  the  results  of  our  analyses  so 
aocuratelyoa  to  justify  the  reliance  which  we  now  generally  place  on  them. 
Again,  whilst  quantitative  analyBia  has  advanced  the  progress  of  arts  and 
industry,  our  manufacturers  in  return  supply  us  with  the  most  perfect 
platinum,  glass,  and  porcelain  vessels,  and  with  articles  of  india-rubbber| 
without  which  it  would  be  next  to  impossible  to  conduct  our  analytical 
operations  with  the  minuteness  and  accuracy  which  we  have  now  attained. 
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Althougli  the  aid  wMch  qnantitatiTe  an&tjsis  thus  derives  ^m  stol- 
ekiometiy,  and  the  arts  and  manu&ctureBy  greatly  facilitates  its  practice, 
and  although  many  detenaiimtioQs  are  oonsiderab]  j  abbneTiated  by  yoIq- 
metric  analysis,  it  must  be  admitted^  notwithstanding,  that  the  pursuit 
of  thja  branch  of  chemistry  requires  oonatderable  expenditure  of  time. 
This  remark  applies  especially  to  those  who  are  commencing  the  study, 
for  they  must  not  allow  their  attention  to  be  divided  upon  many  things 
at  one  time,  otlierwise  the  accuracy  of  their  results  will  be  more  or  less 
m|iu«d.  I  would  therefore  ad  viae  every  one  desirous  of  becoming  an 
miulytical  chemist  to  arm  himself  with  fk  considerable  share  of  patienoe, 
ngninding  him  that  it  is  not  at  one  hound,  but  gradually,  and  step  by 
sfeepi  that  the  student  may  hope  to  attain  the  necessaiy  certainty  in  his 
wwk,  the  indiq)enaable  self-reliance  which  can  alone  be  founded  on  one's 
cvwn  results.  However  mechanical,  protract^^l,  and  tedious  the  opera* 
tiona  of  quantitative  analysis  may  appear  to  be,  the  attainment  of 
Accuracy  will  amply  compensate  for  the  time  and  labor  bestowed  upon 
them;  whilst^  on  the  other  hand,  nothing  can  be  more  disagreeable  than 
to  find^  after  a  long  and  laborious  process,  that  our  results  are  incorrect 
or  uncertain.  Let  him,  therefore,  who  would  render  the  study  of  quan- 
titative analysis  agreeable  to  himself,  from  the  very  outset  endeavor,  by 
■trict,  nay,  scrupulous  adherence  to  the  conditions  laid  down,  to  attain 
correct  results,  at  any  sacriiice  of  time*  I  scarcely  know  a  better  and 
more  immediate  reward  of  labor  than  that  which  springs  from  the  at- 
tainment of  accun^te  results  and  perfectly  corresponding  analyses.  The 
satisfaction  enjoyed  at  the  suooess  of  our  efforts  is  surely  in  itself  a 
sufficient  motive  for  the  m&oemaxj  expenditure  of  time  and  labor,  even 
without  looking  to  the  practical  benefits  which  we  may  derive  from  our 
operations 

The  following  are  the  substances  treated  of  in  this  work : — 

L  MiETALDomB^  or  Nos-Mbtaixic  ELKXE^nrs. 

Oxtfgen^  Mydroqsn^  Sulphur,  [JS^enium^l    Ph4>9phoruM^    Chlorine^ 
Bfomm^  Pluorine^  Xtlroffen,  ^aron^  SUieon^  Carbon, 

IL  Metals. 

Sodimm^    [XiC&ium,]    barium,    JStronOum^    CaHdntm^ 
Ahumnmm^   Chromium^  [  Tkanium^  Zinc^  Man^^anea^ 
TAd^  C0haU^  Iron^  [Uranium,]  Silver^  Mereury^  Leady  Oopper^  Bit- 
wm^    Cmimium^    [Panadium,]    €hld^   Plaiimim^    Tin^   Aniimony^ 
Armmitj  [Molybdenum], 

[  (Bie  elements  enclosed  within  brackets  are  considered  in  supplement- 
'  pcisgr&pha,  and  more  briefly  than  the  rest*) 


;  I  luive  divided  my  subject  into  three  parts.  In  the  first,  I  treat  of 
nti^itive  analysis  generally;  describing,  1st,  the  execution  of  analy- 
m» ;  and,  2d,  the  calculation  of  the  results  obtained.  In  the  seoond,  I 
Bve  a  clet^ed  description  of  several  special  analytical  prooessea.  And 
tn  the  third,  a  number  of  carefully  selected  examples,  which  may  serve 
\  for  the  groundwork  of  the  study  of  quantitative  analysiB. 


Tike  following  table  will  aflTord  the  reader  a  dear  and  definite  notioii 
of  the  oontentB  of  the  whole  work  : — 

L  GENERAL  PART. 
A — ^ExEcuTioK  OF  Akaltbu. 

1.  OperationB. 

2.  Reagents. 

3.  Forms  and  combinations  in  which  bodies  are  separated  from  otherSi 
or  in  which  their  weight  is  determined. 

4.  Determination  of  bodies  in  simple  compounda. 

5.  Separation  of  bodies. 

6.  Organic  elementary  analysis. 

B— Calcuiatiok  of  the  Results. 

n.  SPECIAL  PART. 

1.  Analysis  of  waters. 

2.  Analysis  of  such  minerals  and  technical  products  as  are  most  fre- 
quently brought  under  the  notice  of  the  chemist ;  including  methods  £at 
ascertaining  tiieir  conmiercial  value. 

3.  Analysis  of  atmospheric  air. 

IIL  EXERCISES  FOR  PRACTICEL 

APPENDIX. 

1.  Analytical  experiments. 
.    2.  Tables  for  the  calculation  of  analytical  resoHa. 


PART  I. 


GENERAL   PART. 


DIVISION  L 


THE  EXECUTION  01'  ANALYSIS. 


SECTION  L 


OPERATIONa 


§1- 

of  the  operations  performed  in  quantitatiYe  ree6aj*ch  are  the  same 
^in  qualitative  analjr&is,  and  have  been  accordingly  described  in  my 
work  on  that  branch  of  analytical  science.  With  respect  to  such  opera- 
tions I  shall,  therefore,  confine  myself  here  to  pointing  out  any  modifica- 
tions they  may  require  to  adapt  them  for  application  in  the  quantitative 
branch;  but  I  shall,  of  course,  give  a  full  description  of  such  as  are 
raorted  to  exclusively  in  quantitative  investigations.  Operations  form- 
ing merely  part  of  certain  specific  processes  will  be  found  described  in 
tIfcB  proper  place,  under  the  head  of  such  procesBes. 

I,   DSTBEHmATIOH  OP   QUANTITT. 

§2. 

Bie  quantity  of  solids  is  usually  determined  by  weight  ^  the  quantity 
of  gpises  and  fluids,  in  many  cases  by  meature  /  upon  the  care  and  accu- 
rmcy  with  which  these  operations  are  performed,  dependa  the  value  of  all 
IMT  resultfi ;  I  shall  therefore  dwell  minutely  upon  them. 

§3. 
1.  Weiohuto. 

enable  us  to  determine  with  precision  the  correct  weight  of  a 
aooi  it  is  indLspeuHable  that  we  should  possess,  Ist,  a  good  balance, 
I  M,  acoorate  tj^^ights. 

a.  The  Bauisce. 

1  represents  a  form  of  balance  well  adapted  for  analytical  pur- 
There  are  several  pointa  reapecting  the  construction  and  proper- 
tiit  of  a  good  balance,  which  it  is  absolutely  necessary  for  every  chemist 
to  understand.  The  usefulness  of  this  instrument  depends  upon  two 
points :  Ist,  its  accwracf/j  and  2d,  its  senHbUU^  or  ddicacy. 
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The  AcctTRJurr  of  a  b^Iaxice  depends  upon  the  foQowiiig  conditions : 

a.   Tha  fulcrum  lyr  the  point  <m  which  ihe  beam  r€8U  muH  lie  abo^ 

eerUre  of  gramiy  of  the  balance. 


riff,  I. 


ThiJi  i«  in  fact  a  condition  essential  to  erery  balance.  If  the  fulcrum 
were  placed  in  the  centre  of  gravity  of  the  balance,  the  beam  would  not 
DJioilhitw,  but  remain  in  any  poBitioti  in  which  it  is  placed,  aaeuming  the 
iicale8  to  be  e<|ually  loudt^d.  If  the  fulcrum  be  placed  hdow  the  centre 
of  gravity,  tlie  bahince  will  be  overset  by  the  slightest  impulse. 

When  the  fulcrum  \a  above  the  centre  of  gravity  the  balance  repreeents 
n  p+m*bilurM»  tlie  length  of  which  is  equal  to  that  of  the  line  umting  the 
fnlcrum  with  the  centre  of  gravity,  and  this  line  forms  right  angles  with 
tlio  h<Hiui,  in  whatever  position  the  latter  may  be  placed.  Now  if  we 
impart  mi  impetus  to  a  ball  suspended  by  a  thread,  the  ball,  after  having 
tormijiaitHl  its  vibrations,  will  invarifibly  ivst  in  its  original  perfiendicuiar 
position  utider  the  point  of  snapension*  It  is  the  same  with  a  properly 
ac]yu«ted  halanoo — impart  an  impetus  to  it,  and  it  will  oscillate  for  sotuo 
time,  but  it  will  invariably  nittiru  to  ita  original  jx>sition ;  in  other 
words,  its  centre  of  gravity  will  finally  fall  back  into  its  perfiendicular 
position  under  tlie  fulcrum^  and  the  beam  must  consequently  reassume 
the  borijstiiital  position. 

But  to  judge  correctly  of  the  force  with  which  this  is  accomplished^  it 
must  be  borne  in  mind  thiit  a  balance  is  not  a  simple  pendulum,  but  a 
compound  one,  i,  tf.,  a  pendulum  in  which  not  one,  but  many  material 
l>ointM  move  round  the  tuniing  point.  The  inert  mass  to  be  moved  in 
acwordiugly  equal  to  the  sum  of  these  points,  and  the  moving  foroe  is 
equal  to  the  exooM  of  the  material  points  below,  over  those  above  the 
fulcrum. 

fi.  The  points  of  tuepmmon  of  the  9oahs  must  he  on  an  aeact  level  with 
tkef^crumn  If  the  fulcrum  be  placed  below  the  line  joining  the  points 
of  ftuspeoMon,  iHoreafied  loading  of  the  scales  will  continually  tend  to 
nOflo  tke  centre  of  gravity  of  the  whole  system,  so  as  to  bring  it  nearer 
mad  nearer  the  f»dcrum ;  the  weight  which  presses  upon  the  scales  com- 
biidiig  in  tli«  relatively  hlgh-pla^  points  of  suspension ;  at  last,  when 
the  walsa  Lats  been  loaded  to  a  certain  degree,  the  centre  of  gravity 
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win  shift  altogether  to  the  fulcrum,  and  the  balance  will  consequentlj 
oeaae  to  vibrate — any  further  addition  of  weight  will  ^ally  overset  the 
beam  by  placing  the  centre  of  gravity  above  the  fulcrum.  If,  on  the 
other  hand,  the  fulcrum  be  placed  above  the  line  joining  the  points  of 
Bospen^on,  the  centre  of  gravity  will  become  more  and  more  depressed 
in  proportion  as  the  loading  of  the  scales  is  increased  ;  the  line  of  the 
I  pendulum  will  consequently  be  lengthened,  and  a  greater  force  will  be 
^^■Iquired  to  produce  an  equal  turn ;  in  other  words,  the  balance  will 
H^Pe»w  leas  sensitive  the  greater  the  load.  But  when  the  three  edges  are 
in  one  plane^  increased  loading  of  the  scales  will^  indeed,  continually 
tend  to  raise  the  centre  of  gravity  towards  the  fulcrum,  but  the  former 
ean  in  this  case  never  entirefy  reach  the  latter,  and  consequently  the 
balance  ^ill  never  altogether  cease  to  vibrate  upon  the  further  addition 
of  weight,  nor  wiU  its  sensibility  be  lessened ;  on  the  contrary — speak- 
ing theoretically — a  greater  degree  of  sensibHity  is  imparted  to  it*  This 
increase  of  sensibility  is,  however,  compensated  for  by  other  circum* 
atanoea.     {See  g  5.) 

7.  The  he€im  mtn/t  be  imfficienUy  rigid  to  heco'  without  bending  the 

Client  weight  that  tfte  construction  of  tlie  balance  admits  of  *  since  the 
ding  of  the  beam  would  of  course  depress  the  points  of  suspension  so 
to  place  them  below  the  fulcrum,  and  this  would,  as  we  have  just 
tend  to  diminish  the  sensibility  of  the  balance  in  proportion  to  the 
ease  of  the  load.     It  is,  therefore,  necessary  to  avoid  this  fault  by  a 
proper  construction  of  the  beam.     The  form  best  adapted  for  beams  is 
that  of  an  isosceles  obtuse-angled  triangle,  or  of  a  rhombus. 

^»   The  arms  of  the  bal<ince  must  be  of  equal  lengthy  L  e.,  the  points  of 

nupension  mtisl  be  equidistant  f ram  Uie  fulcrum,  for  if  the  arms  are  of 

nnequal  length  the  balance  will  not  be  in  equilibrimn,  sup|)osing  the 

•Galea  to  be  loaded  with  equal  weights,  but  there  will  be  preponderance 

the  side  of  the  longer  arm, 


The  6EXSTBILITT  of  a  balance  depends  principally  upon  tiiA  ilmt  fid- 
lowing  conditions  : — 

It.  77*^  friction  of  the  edges  upon  their  supports  vmst  be  as  slight  as 
possible.  The  greater  or  less  friction  of  the  edges  upon  their  supports 
depends  upon  both  the  form  and  material  of  those  parts  of  the  balance. 
The  edges  must  be  made  of  good  steel,  the  supports  mag  be  made  of  the 
same  material ;  it  is  better,  however,  that  the  centre  edge  at  least  should 
rest  upon  an  agate  plane.  To  foiin  a  clear  conception  of  how  necessary 
it  is  that  even  the  end  edges  should  have  as  Ettle  friction  as  possible, 
we  need  simply  reflect  upon  what  would  happen  were  we  to  fix  the  scales 
immovably  to  the  beam  by  means  of  rigid  rods.  Such  a  contrivance 
would  at  once  altogether  aruiihilate  the  sensibility  of  a  balance,  for  if  a 
weight  were  placed  upon  one  scale,  this  certainly  would  have  a  tendency 
to  sink ;  but  at  the  same  time  the  connecting  rods  being  compelled  to  form 
constantly  a  right  angle  with  the  beam,  the  weighted  scale  would  incline 
inwards,  whilst  the  other  scale  would  turn  outwards,  and  thus  the  arms 
would  become  unequal,  the  shorter  arm  being  on  the  side  of  the  weighted 
■culia^  whereby  the  tendency  of  the  latter  to  sink  would  be  immediately 

ipensated  for.  The  more  conaiderablo  the  friction  becomes  at  the 
edges  of  a  balance,  the  more  the  latter  approaches  the  state  just 
described,  and  consequently  the  more  is  its  sensibility  impaired. 
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^.   The  cenifre  of  ffravitr/  must  he  as  near  as  poeHHe  ic  the  fulcrum. 

The  nearer  the  centre  of  gravity  approaches  the  fill  arum,  the  8hort<?r 
becomes  the  pendulum.  If  we  take  two  balls,  the  one  awspended  bj  a 
abort  and  the  other  by  a  long  thread,  and  impart  the  same  impetus  to 
both,  the  former  will  naturally  swing  at  a  far  gi'eat-er  angle  from  its  per- 
pendicular position  than  the  latter.  The  same  must  of  course  happen 
with  a  balance ;  tb©  same  weight  will  cause  the  scale  upon  which  it  i^ 
placed  to  turn  the  more  rapidly  and  complet^ely,  the  shorter  the  distance 
between  the  centre  of  gravity  and  the  fulcrum.  We  have  seen  above, 
that  in  a  balance  where  the  three  edges  are  on  a  level  with  each  other, 
increased  loading  of  the  scales  will  continually  tend  to  raise  the  centre 
of  gravity  towards  the  fulcrum.  A  good  balance  will  therefore  become 
more  delicate  in  proportion  to  the  incre^ise  of  weights  placed  upon  its 
scales ;  but,  on  the  other  hand,  its  Rensibility  will  be  diminished  in  about 
the  same  proportion  by  the  increment  of  the  mass  to  be  moved,  and  by 
the  increased  friction  attendant  upon  the  increase  of  load ;  in  other 
words,  the  delicacy  of  a  good  balance  will  remain  the  same,  whatever 
may  be  the  load  placed  upon  it.  The  nearer  the  centre  of  gravity  lies 
to  the  fulcrum^  the  slower  are  the  oacillationfl  of  the  balance.  Henoe 
in  regulating  the  possition  of  the  centre  of  gravity  we  must  not  go  too 
far,  for  if  it  approaches  the  fulcrum  too  nearly,  the  operation  of  weir- 
ing will  take  too  much  time. 

j\  The  beam  muM  he  ae  light  tiapotmble.  The  reinarkB  which  we  have 
just  now  made  will  likewise  show  how  far  tb©  weight  of  the  beam  may 
influence  the  sensibility  of  a  balance.  We  have  seen  that  if  a  balance 
is  not  actually  to  become  less  delicate  on  increased  loading,  it  must  on 
the  one  band  have  a  tendency  to  become  more  delicate  by  the  continual 
approach  of  the  centre  of  gravity  to  the  fulcrum.  Now  it  is  evident, 
that  the  more  considerable  the  weight  of  the  be^m  is,  the  less  will  an 
equal  load  placed  upon  both  scales  alter  the  centre  of  gravity  of  the 
whole  system,  the  more  slowly  will  the  centre  of  gravity  approach  the 
fulcrum,  the  less  will  the  increased  friction  be  neutralized,  and  conse- 
quently the  less  sensibility  will  tlie  balance  possess.  Another  point  to 
be  taken  into  account  here  is,  that  the  mo\ing  forces  being  equal,  a 
lesser  mass  or  weight  is  more  readily  moved  than  a  greater.     (§  ^  «). 

§6. 

We  will  now  proceed,  first,  to  give  the  student  a  few  general  rules  to 
guide  him  in  the  purchase  of  a  balance  intended  for  the  purposes  of 
quantitative  analysis ;  and,  secondly,  to  point  out  the  best  method  of 
testing  the  accuracy  and  sensibility  of  a  balance* 

1.  A  balance  able  to  bear  70  or  80  gi-amines  in  each  scale,  suMces  for 
most  purposes. 

2,  The  balance  must  be  encloRed  in  a  glass  case  to  protect  it  from  dust. 
This  case  ought  to  be  sufficiently  large,  and,  more  especially,  its  aiders 
should  not  approach  too  near  the  scalea.  It  must  be  constructed  in  a 
manner  to  admit  of  its  being  opened  and  closed  with  ftvcility,  and  thua 
to  allow  the  operation  of  weighing  to  be  effect^  without  any  disturbing 
inBuence  from  currents  of  air.  Therefore,  either  the  front  part  of  the 
case  should  consist  of  three  parts,  viz.,  a  fixed  centre  part  and  two 
lateral  parts,  opening  like  doors ;  or,  if  the  front  part  hap|>ens  to  be 
made  of  one  piece,  and  arranged  as  a  sHding-door,  the  two  sides  of  the 
case  must  be  provided  each  with  a  door* 
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5,  The  Mance  must  be  provided  with  &  proper  contrivimc©  to  render 
iuuDOYable  whilst  the  weights  are  being  placed  upon  the  scale*     This  ia 

(inofit  commonlj  effected  by  an  arrangement  which  enables  the  operator  to 
lift  up  the  beam  and  thus  to  remove  the  middle  edge  from  its  support, 
whilst  the  scales  remain  suspended. 

It  is  highly  ad\^sable  to  have  the  case  of  the  balance  so  arranged  that 
the  contrivances  for  lifting  the  beam  and  fixing  the  scales  can  be  worked 
"while  the  case  remains  closed,  and  consequently  from  without. 

4-  It  18  necessary  that  the  balance  shonld  be  provided  with  an  index  to 
mark  its  osciUations ;  tliis  index  is  appropriately  placed  at  the  bottom  of 
Ike  balance. 

6,  The  balance  must  he  provided  with  a  spirit  level,  to  enable  the 
operator  to  place  the  three  edge«  on  an  exactly  horizontal  level ;  it  is  best 

8 for  this  purpose  that  the  case  should  rest  upon  three  screws. 
It  is  very  desirable  that  the  beam  shotild  be  graduated  into  tenths,  so 
>  enable  the  operator  to  weigh  the  milligramme  and  its  fractions  with 
Eitigramroe  **  rider."  * 

7,  The  balance  must  be  provided  with  a  screw  to  regulate  the  centre  of 
gravity,  and  likewise  with  two  screws  to  regulate  the  equality  of  the  arms, 
jmd  finally  with  screws  to  restore  the  equilibrium  of  the  scales,  should 
this  have  been  disturbed. 

§7. 

The  following  experiments  serve  to  test  the  accuracy  and  sensibility  of 
baJanoe, 

1.  The  balance  ia^  in  the  first  place,  accurately  adjusted,  if  necessary, 
^ther  by  tbe  regulating  screws,  or  by  means  of  tinfoil,  and  a  milligramme 
might  is  then  placed  in  one  of  the  scales.     A  good  and  practically 

balance  must  turn  very  distinctly  with  this  weight ;    a  delicate 
il  balance  should  indicate  the  -^  of  a  miiligramnie  with  perfect 
ictnesB. 

2.  Both  scales  are  loaded  with  the  maximum  weight  the  construction  of 
balance  will  admit  of — the  balance  is  then  occur alfli/  a<l  justed,  and  a 

InOligrainme  added  to  the  weight  in  the  one  scale.  Tliia  o\ight  to  cause 
the  balance  to  turn  to  the  same  extent  as  in  1.  In  most  balances,  how- 
ever, it  shows  somewhat  less  on  the  index.  It  follows  from  §5/9  that  the 
balance  will  oecillate  more  slowly  in  this  than  in  the  first  ex]>eriment. 

3.  The  balance  is  accurately  adjusted,  (should  it  be  necessary  to  estar 
I^Uflh  a  perfect  equilibrium  between  the  scales  by  loading  the  one  with  a 
minnte  portion  of  tinfoil,  this  tinfoil  must  be  left  remaining  upon  the 
aeale  during  the  expei-iment)  ;  both  scales  are  then  equally  loaded,  say, 
with  fifty  grammes  each,  and,  if  necessary,  the  balance  is  agaio  adjusted 
(by  the  addition  of  small  weights).  Tlie  loiid  of  the  two  scales  is  then 
'interchanged,  so  as  to  transfer  that  of  the  right  scale  to  the  left,  and  vice 

A  balance  with  jierfectly  equal  arms  must  maintain  its  absolute 
equilibrium  upon  this  interchange  of  the  weights  of  the  two  sctdes. 

4.  The  balance  is  accurately  adjusted  ;    it  is  then  arresti^d  and  again  set 
motion  ;  the  same  process  should  he  repeated  several  times.     A  good 

ce  must  invariably  reassume  its  original  equilibrium.     A  balance 
'  edges  of  which  afford  too  much  play  to  the  hook  resting  upon 

ktit'a  later  balanoos  have  beams  graduated  to  twelfths,  and  a  rider  weigh- 
r  12  mgn.     This  enables  the  operator  to  use  nearly  the  whole  of  the  gradua* 
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th^mi,  no  M  to  allow  the  latter  slightly  to  alter  its  positioii,  will  show  per- 
C0j\pi\\t\'i  diflVjrenoes  in  difTerent  trials.  This  &alt,  howerer,  is  possible 
only  with  \jn\Miwn  of  d'jfective  construction. 

A  \jn\siucfs  to  \ffi  practically  useful  for  the  purposes  of  qnantitatiTe  ana- 
]yH\H  miiHt  stand  the  first,  second,  and  last  of  these  tests.  A  slight  in- 
iy|  uality  of  the  arms  is  of  no  great  consequence,  as  the  error  that  it  would 
(tt-j'MMon  may  be  completely  prevented  by  the  manner  of  weighing. 

As  tlie  H^fnsibility  of  a  balance  will  speedily  decrease  if  the  steel  edges 
are  allowed  i/t  get  rusty,  delicate  balances  should  never  be  kept  in  the 
lalKirat/;ry,  but  always  in  a  separate  room.  It  is  also  advisable  to  place 
within  the  case  of  the  balance  a  vessel  half  filled  with  calcined  carbonate 
of  [KitiiMsa,  Uy  keep  the  air  dry.  I  need  hardly  add  that  this  salt  must  be 
n5-ca]cinfMi  as  soon  as  it  gets  moist. 

§  8- 
h,  Thb  Weights. 

1 .  Tlie  French  gramme  is  the  best  standard  for  calculation.  A  set  of 
WfMghU  nm^ing  from  fifty  grammes  to  one  milligramme  may  be  considered 
mi  nil  riff  lit  for  all  practical  purposes.  With  regard  to  the  set  of  weights,  it 
IN  gf'iionilly  a  matter  of  indifference  for  scientific  piurposes  whether  the 
gniriiiiin,  its  inuliij)les  and  fractions,  are  really  and  perfectly  equal  to  the 
a<MMira<>i;ly  iidJuHted  normal  weights  of  the  corresponding  denominations;  * 
but  it  is  abnolutrly  iieceMary  that  they  should  s^c^ perfectly  with  each 
otlifir,  t./f.,  tiin  omitigramme  weight  must  be  exactly  the  one  hundredth 
jmrt  i)f  Mm  graminn  wc^ight  of  the  set,  <fec.  &c. 

2.  1'1mi  wlioln  of  the  set  of  weights  should  be  kept  in  a  suitable,  well- 
r.IoNiiig  l)ox  ;  unci  it  is  dtwirablo  likewise  that  a  distinct  compartment  be 
Hfipropriatod  to  every  one  oven  of  the  smaller  weights. 

W,  A  H  !<<)  tJin  h1iii|m^  best  adapted  for  weights,  I  think  that  of  short  frusta 
of  f«ori(«N  iiivfM'Uul,  with  a  hanillo  at  the  top,  the  most  convenient  andprao- 
tiiMil  form  for  tin*  liirgi*  weights;  square  pieces  of  foil,  turned  up  at  one 
i*onnM\  \\v{\  Ix'Ht  iidiipUMJ  for  the  small  weights.  The  foil  used  for  tiiis  pur- 
poMo  hIkmiM  iiotbn  U)o  thin,  and  the  compartments  adapted  for  the  recep- 
tion of  Min  H«uM»rul  Rinulh»r  weights  in  the  box,  should  be  large  enough  to 
lid  III  it  of  (Iif«iroon(4Mit^  boing  tukon  out  of  them  with  facility,  or  else  the 
niiiiilliT  wtMghtH  will  Htum  gt»t  cracked,  bruised,  and  indistinct.  Every 
otio  ol'  t.lid  wt«igliU  (with  the  exception  of  the  milligramme)  should  be 
ilinliiiody  iniirkiHl. 

A,  Willi  n»M|Mvt  to  the  matorial  most  suitable  for  the  manufacture  of 
weiHlilii.  wo  eoinnionly  ivst  stxtistitni  with  having  the  smaller  weights 
niilvi  IVoin  I  or  0*r»  gramme  dow*n^^*anis,  made  of  platinum  or  aluminium 
foil,  iiMin^  hniHN  weights  t\>r  all  the  higher  denominations.  Brass  weights 
nninl.  III!  crtn'fully  nluelded  fi\>m  the  contact  of  add  or  other  vapors,  or 
<lii»ii  ennoetuohH  will  U>  im|^inHl:  uv>r  should  they  ever  be  touched  with 
till*  llnmMM,  \\\\\  \\\\\\\\s  with  small  pinoersi.  But  it  is  an  erroneous  no- 
tion to  nn|tpoMe  tlnit  wei^^hts  slightly  tarnished  are  unfit  for  use.     It  is. 


*  \<\\\\  it  woulil  Ih^  «)<^KiniMo  th.M  m<H''haniouixis  who  make  gramme-weightB  in- 
fith.toit  r«M  tho  n*o  of  the  ohomist^  j^houUi  endeavor  to  procure  fimrmdl  weighta 
It  (q  >m\  tniMMxiMnoMt.  \n  mn\\y  (\%j»o«s  to  find  netaMe^fferenoes between  weights 
iif  (hit  mtiuo  don«\n>inAtion.  but  coming  from  different  "Tit^**ir ;  as  I  myself  have 
nflnH  hnd  oiN'AMion  to  diiKvrit^r 
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indeed,  hardly  posBible  to  prevent  weights  for  any  very  great  length  of 
time  from  getting  ali^tly  tarnished.  I  have  carefully  examined  many 
wei^ts  of  this  description,  and  have  found  them  as  exactly  corre^wnding 
with  one  another  in  their  relative  proportions  as  they  were  when  first 
vaed.  The  tarnishing  ooat,  or  incrustation,  is  so  extremely  thin,  that 
even  a  Tery  delicate  balance  will  generally  fedl  to  point  out  any  per- 
o^tible  difierenoe  in  the  weight. 

The  following  is  the  proper  way  of  testing  the  weights: — 
One  scale  of  a  delicate  balance  is  loaded  with  a  one-gramme  wei^t, 
and  the  balance  is  then  completely  equipoised  by  tanng  with  smaU 
fneoes  of  brass,  and  finally  tinfoil  (not  paper,  since  this  absorbs 
moisture).  The  weight  is  then  removed;  and  replaced  successively  by 
the  other  gramme  weights,  and  afterwards  by  the  same  amount  of  wd^t 
in  pieces  of  lower  denominations. 

The  balance  is  carefully  scrutinized  each  time,  and  any  deviation  from 
the  exact  equilibrium  marked.  In  the  same  way  it  is  seen  whether  the 
two-gramme  piece  weighs  the  same  as  two  single  grammes,  the  five- 
gramme  piece  the  same  as  three  single  grammes  and  the  two-gramme 
piece,  Ac.  In  the  comparison  of  the  smaller  weights  thus  among  them- 
selves, they  must  not  show  the  least  difference  on  a  balance  turning  with 
y^  of  a  milligramme.  In  comparing  the  larger  weights  with  all  the  small 
<mes,  differences  of  ^  to  -^  of  a  milligramme  may  be  passed  over.  If 
yon  wish  them  to  be  more  accurate,  you  must  adjust  them  yoursell  In 
the  purchase  of  wei^ts  diemists  ought  always  to  bear  in  mind  that  an 
aocurmte  wei^t  is  truly  valuable,  whilst  an  inaccurate  one  is  absolutely 
worthlesK.  It  is  the  safest  way  for  the  diemist  to  test  every  wei^t  he 
purdiaaeaiy  no  matter  how  hi^  the  reputation  of  the  maker. 

§9. 
c  Thb  Piocess  of  WmissnsQ. 

We  hsve  two  difierent  methods  of  determining  the  wei^t  of  substan- 
ces; the  one  might  be  termed  direct  weighing^  the  other  is  called  weigh- 
img  hy  mbetUndUm, 

In  direct  weighing,  the  substance  is  placed  upon  <me  scale,  and  the 
wei^t  upon  the  otho:  If  we  possess  a  balsnre,  the  arms  of  which  are 
of  equal  length,  and  the  scales  in  a  perfect  state  of  equilibrium,  it  is  in- 
diflerent  upon  which  scale  the  substance  is  placed  in  the  seversl  wei^ 
iniEs  required  during  an  analrdcal  process ;  Le^  we  may  weigh  upon  the 
right  or  upon  the  left  side,  and  diange  sides  at  pleasure,  without  en- 
dangering the  aocnracT  of  our  results.  But  i^  on  the  oontrsnr,  the  anus 
id  oar  ***^*~^  are  not  perfectly  equal,  or  if  the  scales  are  not  in  a  state 
of  perled  equilibrium,  we  are  compelled  to  wei^  invariably  upon  the 
■une  scale,  otherwise  the  correctness  of  our  results  will  be  more  or  less 
materially  inqiaired. 

Suppose  we  want  to  wei^  one  gramme  of  a  substance,  and  to  divide 
this  amount  subsequently  into  two  equal  partL  Let  us  assume  our 
^**l«**<^  to  be  in  a  state  of  perfect  equilibrhnn,  but  with  unequal  arms, 
the  left  being  99  millimetres,  the  right  100  millimetres  long ;  we  place  a 
gnonnw  weight  upon  the  left  scale,  and  against  this,  on  thwe  right  scal«% 
as  mndi  of  the  substance  to  be  weighed  as  will  restore  the  equilibrium 
of&ebalanee. 

AcjeuiJiiig  to  the  axiom,  **  masses  are  in  equilibrium  upon  a  lever,  if 
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the  products  of  their  weights  into  their  distancea  from  the  fiiTcmm  are 
equal,"  we  have  consequently  upon  the  right  scale  0'99  grm.  of  substance, 
since  99  X  1*00=100  X  0*99.  If  we  now,  for  the  purpose  of  weighing  one 
half  the  quantity,  remove  the  whole  weight  from  the  left  scale^  substitu- 
ting a  0*5  grm,  weight  for  it,  and  then  take  off  part  of  the  subatanoo 
from  the  riglit  scale,  until  the  balance  recovers  its  equilibrium,  there  will 
remain  0*495  grm. ;  and  this  is  exactly  the  amount  we  have  removed 
from  the  scale :  we  have  consequently  accomplished  our  object  with  re- 
spect to  the  relative  weight ;  and,  as  we  have  already  remarked,  the 
absolute  weight  ia  not  generally  of  so  much  importance  in  scientific  work. 
But  if  we  attempted  to  halve  tlie  substance  which  we  have  on  the  right 
scale,  by  fij'st  removing  both  the  weight  and  the  substance  from  the 
scaler,  and  placing  subsequently  a  05  grm.  weight  upon  the  righi  scale, 
and  part  of  tbe  substance  upon  the  l^fi^  until  tlie  balance  recovers  its 
CKjuilibiium,  we  should  have  0*505  of  substance  upon  the  left  scale,  since 
100  X  0*500^99  X  0*505 ;  and  consequently,  instead  of  exact  halves,  we 
should  have  one  part  of  the  substance  amounting  to  0*505,  the  other  only 
to  0*485, 

If  the  scales  of  our  balance  are  not  in  a  state  of  absolute  equilibrium^ 
we  are  ohHged  to  weigh  our  aubstancea  in  vessels  to  insure  accurate  re- 
sults (although  the  aiTns  of  the  balance  be  perfectly  equal).  It  is  self- 
evident  that  the  weights  in  this  case  must  likei^ise  be  invariably  placed 
upon  one  and  the  same  scale,  and  that  the  difference  between  the  two 
scales  must  not  undergo  the  slightest  variation  during  the  whole  couxae 
of  a  series  of  experiments. 

From  these  remarks  result  the  two  following  rules : — 

1.  It  n;,  under  all  circumstances,  advisable  to  place  the  substance  in< 
variably  upon  one  and  the  same  scale- — most  conveniently  upon  the  left. 

2.  If  the  operator  happens  to  possess  a  balance  for  his  own  private  and 
exehisive  use,  there  is  no  need  that  he  should  adjust  it  at  the  commence- 
ment of  every  analysia  ;  but  if  the  balance  be  used  in  common  by  several 
persons,  it  is  absolutely  necessary  to  ascert^iin,  before  every  operation, 
whether  the  state  of  absolute  equilibrium  may  not  have  been  disturbed. 

W^eighing  by  mbatUutioH  yields  not  only  re?/«^ ire///,  but  also  aft^o/u/dy 
accurate  results;  no  matter  whether  the  arms  of  the  balance  be  of  exactly 
equal  lengths  or  not,  or  whether  the  scales  be  in  perfect  equipoise  or  not. 

The  process  is  conducted  as  follows ;  the  material  to  l>e  weighed — ^say 
a  platinum  crucible- — is  placed  upon  one  scale,  and  the  other  scale  ia 
accurately  counterpoised  against  it.  The  platinum  crucible  ia  then  re- 
moved, and  the  eipiilibrium  of  the  balance  restored  by  substituting 
weights  for  the  removed  cnicible.  It  is  perfectly  obvious  that  the  sub- 
stituted weights  will  invariably  express  the  real  weight  of  the  crucible 
with  absohite  accui*acy.  We  weigh  by  substitution  whenever  we  require 
the  greatest  possible  accuracy ;  as»  for  instance,  in  the  determination  of 
atomic  weights.  The  process  may  be  materially  shortened  by  first  placing 
a  tare  (which  must  of  course  be  heavier  than  the  substance  to  be 
weighed)  upon  one  scale^  say  the  left,  and  loading  the  other  scale  with 
weights  until  equilibrium  is  produced.  This  tare  is  always  retained  on 
the  left  scale.  The  weights  after  being  noted  are  removed.  The  sub- 
stftQce  is  placed  on  the  right  scale,  together  with  the  smaller  weights  re- 
quisite to  restore  the  ecjuilibrium  of  the  balance.  The  aura  of  the 
Weights  added  is  then  subtract^jd  from  the  noted  weight  of  the  counter- 
poise :  the  remainder  will  at  once  ladicate  the  absolute  weight  of  the  sub- 
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Ti.  Biibstaricea  liable  to  attract  moiHture  from  the  air,  must  lie  weighed 
invariably  in  closed  vessels  (iti  covered  crucibles,  for  instance,  or  between 
two  watch -glasses,  or  in  a  closed  gliias  tube) ;  fluids  are  to  be  weighed  in 
Hinall  Ixittles  closed  with  glass  stopj^erw. 

7.  A  Teasel  ought  never  to  be  weighed  whilfit  warm,  since  it  will  in 
that  case  invariably  weigh  lighter  than  it  really  is,  ThiB  is  owing  to 
two  circumstances.  In  the  fii-st  place,  every  body  condenses  upon  i^ 
surface  a  certain  amount  of  air  and  moisture,  the  quantity  of  whic 
depends  upon  the  temjierature  and  hygroH^opic  state  of  the  air,  an< 
likewise  on  its  own  temperature.  Now  sujijiose  a  crucible  has  beei 
weighed  cold  at  the  commencement  of  the  operation,  and  m  subsequently 
weighed  again  whilst  hot,  together  with  the  substance  it  contains,  and  th( 
weight  of  which  we  ^ish  to  determine.  If  we  subtract  for  this  purpose 
the  weight  of  the  cold  crticible,  liseertiiined  in  the  former  instancej  from 
the  weight  foimd  in  the  latter,  we  shall  subtract  too  much,  and  oonse- 
(^uontly  we  shall  sot  down  less  than  the  rt»al  weight  for  the  substance. 
In  the  second  place,  bodies  at  a  high  temperature  are  constantly  eom- 
mujiicating  heat  to  the  air  immediat^^ly  around  them  ;  the  heated  air 
expands  and  ascends,  and  the  denser  and  colder  air,  flowing  towards  the 
Spaoe  which  the  former  leaves,  pn^ktces  a  current  which  tends  to 
the  scale,  making  it  thus  ai>pnar  ligliter  than  it  really  is, 

8.  If  we  suspend  from  tbe  end  edges  of  a  correct  balance  respectively 
10  grammes  of  platinum  and  lU  grammes  of  glass,  by  wires  of  equal 
weight,  the  balance  will  assume  a  st^te  of  equilibrium;  but  if  we  sub- 
sequently immerse  the  platinum  and  glass  completely  in  water,  this 
oquilibrium  will  at  once  cease,  owing  to  the  different  ajiecific  gra^^ty  of 
tlie  two  substances ;  since,  as  is  well  known,  substimeea  immersed  in 
water  lose  of  their  weight  a  quantity  e«jual  to  the  weight  of  their  own 
bulk  of  water.  If  tliis  be  borne  in  mind,  it  must  be  obvious  to  every 
one  that  weighing  in  the  *dr  is  likewise  defective,  inasmuch  as  the  bulk 
of  the  substance  weighed  is  not  the  same  with  that  of  the  weiglit.  This 
defect,  however,  is  80  very  insigniflcant,  owing  to  the  trilling  specific 
gravity  of  the  air  in  ju*oportion  to  that  of  ,Kolid  subst-ances,  that  we  may 
generally  diRregard  it  altogether  in  analyticfd  experiments.  In  cases, 
however,  where  absolutely/  accuratei  results  are  required,  the  bulk  both 
of  the  substance  examined,  and  of  the  weight,  must,  be  taken  into  ao* 
count,  and  the  weight  of  the  corresponding  volume  of  air  added  i*es] 
tively  to  that  of  the  subst^ince  and  of  the  weight,  making  thus  the 
0688  equivalent  to  weighing  in  vaeuo. 

§  "• 

2.   MEASTTHrNO* 

Hie  process  of  measuring  is  eontined  in  analyticxil  researches  mostly  to 
gajses  and  liquids.  The  method  of  measuring  gases  has  been  brought  to 
Buch  perfection  that  it  nuiy  be  said  to  etpial  in  accuracy  the  method  of 
weighing.  However,  such  accurate  nieastirements  demand  an  expendi- 
ture of  time  and  care,  which  can  be  bestowed  only  on  the  nicest  and  most 
delicate  scientilic  investigations,* 

*  [The  student  who  will  pmctis©  the  necurate  measureniont  of  ji^ases  in  any  but 
the  flimpleflt  caaeB,  must  refer  for  all  tietaila  to  Bunsen^s  "  GasometTy  "  (tTana- j 
lated  by  Eoacoe),  and  Etisfiell,  Jour  Chem,  Soc.^  1B08  p.  128,  as  the  subject  i 
too  extensive  for  the  limits  of  ttis  volume  J 
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The  roeasnrmg  of  liquids  in  anaWtical  investigations  waa  resorted  to 
first  by  Descroizilles  ("  Alkalinieter,'^  1806).  Gay-Lussac  materially 
imppoTed  the  process,  and  indeed  brought  it  to  the  highest  degree  of 
perfection  (measuring  of  the  sohition  of  chloride  of  sodium  in  the  ai»say 
of  silver  in  the  wet  way).  More  i-ecently  F,  Mohk*  has  bestowed  much 
ewe  and  ingenuity  upon  the  production  of  appropriate  and  convenient 
meafiuring  apparatus,  and  hag  added  to  our  store  the  eminently  practical 
cmnpr9«swn  9top-€ock  hurette.  The  process  is  now  resorted  to  even  in 
moat,  accurate  scientific  investigations,  since  it  requires  much  less  time 
than  the  process  of  weighing. 

The  accuracy  of  all  measuiings  depends  ujion  the  proper  construction 
of  the  measuring  vessels,  and  also  upon  the  uuinner  in  which  the  process 
is  conducted. 


12. 


a.  The  Measuring  of  Oases, 

[^We  use  for  the  measuring  of  gases  graduated  ttibes  of  greater  or  less 
ity,  made  of  atroog  glass,  and  closed  by  fusion  at  one  end,  which 
should  be  rounded.  The  foUoi^dng  tubes  i^'ill  l)e  found  sufficient  for  all 
processes  of  gas  measuring  required  in  orgitnie  elementary  analyses. 
1.  A  bell-glass  capable  of  holding  from  150  to  SfiO  c.  c,  and  about  4 
iitimetltss  in  diamet'Cr;  divided  into  cubic  centimetres, 
*^^Tive  or  six  glass  tubes,  about  12  to  15  millimetres  in  diameter  in 
lil«  fJ^ar,  and  capable  of  holding  from  30  to  40  c.  c.  each,  divided  into 
I  C-  c. 

Tlie  sides  of  these  tubes  should  be  pretty  thick,  otherwise  they  will 
be  liable  t^  bresak,  especijUly  when  used  to  ineiusure  over  mercury.  The 
sidei*  of  the  bell-glass  should  be  about  3,  of  the  tubes  about  *2  millimetres 
tJiick. 

lie  most  important  pointy  however,  in  connectioo  with  measuring  in- 
iiment^  is  that  they  be  correctly  graduated,  since  upon  tliis  of  course 
depc*nds  the  accuracy  of  the  results.  For  the  method  of  graduating  I 
refer  to  Gbeviixe  Wili.ia>is'  '^  Chemiail  Manipulation."  f 

In  t<36ting  the  measuring  tubes  we  have  to  consider  three  things. 

1.  Do  tlie  divisions  of  a  tube  correspond  with  each  other? 

2.  Do  the  divisions  of  each  tube  correspond  with  those  of  the  other 
tubes? 

3*  Do  the  volumes  expressed  by  the  graduation  lines  correspond  with 
the  weights  used  by  the  analyst ? 

These  three  questions  are  answered  by  the  folloT«i*ng  experiments : 
d.  The  tube  which  it  is  intended  to  examine  is  placed  in  a  perpend icu* 
lar  po«ition^  and  filltnl  gradually  with  accurately  measured  small  quanti- 
ties of  me.i-cury,  aire  lieing  taken  to  ascerttiin  with  the  utmost  precision 
wltether  the  graduation  of  the  tube  is  proportionate  to  the  equal  vol- 
ume's of  mercuT)^  poured  in.  The  measuring-off  of  the  mercury  is  effeeted 
by  means  of  a  i'lmall  glass  tube,  sealed  at  one  end,  and  ground  perfectly 
cret]  and  smocith  at  the  other.  Tliis  tube  is  tilled  to  overflowing  by  im* 
fneraou  tuider  mercury,  care  being  taken   to  allow  no  air  bobbles  to 

•  ••  Lehrbuch  der  Titrirmethode,*'  by  Dr.  Fr.  Mohr.     Branawicik,  1855. 
f  I  See  also  Gaiy  Lea,  Am.  Jour.  ScL  imd  Arts,  2d  ser.,  voL  42,  p.  375.] 
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remain  in  it ;  the  excess  of  mercory  is  tiien  remoTed  bj  piwing  a  small 
l^asB  plate  down  on  the  smootli  edge  of  tlie  tube.^ 

6.  Different  quantities  of  mercury  are  suooesavelj  measured  off  in  one 
of  the  smaller  tubes,  and  then  transferred  into  the  other  tubes.  Hie  tubes 
may  be  oonfddered  in  perfect  acoordanoe  with  each  other,  if  the  mer- 
cury reaches  iuTariably  the  same  divisional  point  in  every  one  of  them. 

Such  tubes  as  are  intended  simply  to  determine  the  relative  volume  of 
diff<;reiit  gases,  need  only  pass  these  two  experiments;  but  in  cases  iHbere 
we  want  to  calculate  the  weight  of  a  gas  from  its  volume^  it  is  necessary 
also  to  obtain  an  answer  to  the  third  question.     For  this  purpose — 

c.  One  of  the  tubes  is  accurately  wealed  and  then  filled  with  distilled 
water  of  a  temperature  of  16°  to  the  last  mark  of  the  graduated  scale ; 
the  weight  of  the  water  is  then  accurately  determined.  If  the  tube 
agrees  with  the  wei^ts,  every  100  c.  c.  of  water  of  16°  must  weigh  99*9 
grm.  But  should  it  not  agree,  no  matter  whether  the  error  He  in  the 
graduation  of  the  tube  or  in  the  adjustment  of  the  wei^ts,  we  must  i^ 
ply  a  correction  to  the  volume  observed  before  calculating  the  weight  of 
a  gas  therefrom.  Let  us  suppose,  for  instance,  that  we  find  100  c  c  to 
weigh  only  99*6  grm. :  assuming  our  weights  to  be  correct^  the  c.  c  of 
our  scale  are  accordingly  too  sinall ;  and  to  convert  100  of  these  cc  into 
normal  c.  c.  we  say : — 

99-9  :  99-6  : :  100  :  x. 

In  Ote  measuring  of  gcues  we  must  have  regard  to  the  fcUowing 
points  : — 

1.  Correct  reading-off  2.  The  temperature  of  the  gas.  3.  The  degree 
of  pressure  operating  upon  it.  And  4.  The  circiunstance  whether  it  is 
dry  or  moist.  The  three  latter  points  will  be  readily  understood,  if  it 
be  borne  in  mind  that  any  alteration  in  the  temperature  of  a  gas,  or  in 
the  pressure  acting  upon  it,  or  in  the  tension  of  the  admixed  aqueous 
vapor,  involves  likewise  a  considerable  alteration  in  its  volume. 

§13. 
1.  Correct  Keading-off. 

This  is  rather  difficult,  since  mercury  in  a  cylinder  has  a  convex  sur- 
&ce  (especially  observable  with  a  narrow  tube),  owing  to  its  own  cohe- 
sion ;  whilst  water,  on  the  other  hand,  under  the  same  circumstances  has 
a  concave  surface,  owing  to  the  attraction  which  the  walls  of  the  tube 
exercise  upon  it.  The  cylinder  should  invariably  be  placed  in  a  perfectly 
perpendicular  position,  and  the  eye  of  the  operator  brought  to  a  level  with 
the  surface  of  the  fluid. 

In  reading-off  over  water,  the  middle  of  the  dark  zone  formed  by  that 
portion  of  the  liquid  that  is  drawn  up  around  the  inner  walls  of  the 
tube,  is  assumed  to  be  the  real  surface ;  whilst  when  operating  with 
mercury,  we  have  to  place  the  real  surface  in  a  plane  exactly  in  the 
middle  between  the  highest  point  of  the  surfieu^e  of  the  mercury,  and 
the  points  at  which  the  latter  is  in  actual  contact  with  the  walls  of  the 
tube.     However,  the  results  obtained  in  this  way  are  only  approximate. 

Absolutely  accurate  results  cannot  be  arrived  at,  in  measuring  over 

*  As  warming  the  metal  is  to  be  carefully  avoided  in  this  process,  it  is  advi- 
sable not  to  hold  the  tube  with  the  hand  in  immersing  it  in  the  mercury,  but  xa 
fasten  it  in  a  small  wooden  bolder. 
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water  or  any  otber  fluid  that  adheres  to  glass.  But  over  mercury  tliej 
may  be  arrived  at  if  the  error  of  the  meniscus  be  determined  and  the 
mercui-y  be  read  off  at  the  hight-st  i>oiiit,  The  determination  of  the  error 
of  this  meniiscua  is  performed  for  each  tube,  once  for  all,  in  the  following 
manner :  some  mercury  h  puurvd  iiiU»  the  tiibe,  and  ita  height  read-off 
right  on  a  level  with  the  top  of  the  convex  surface  exhibited  by  it ;  a  few 
drops  of  solution  of  chloride  of  mercury  are  then  poured  on  the  top  of  the 
metal ;  thh*  causes  the  convexity  to  disappear  ;  the  height  of  the  mercury 
in  the  tube  is  now  read-off  again  and  the  differejice  noted.  In  the  process 
of  graduation,  the  tube  standi  upright,  in  that  of  measuring  gase^i,  it  ia 
[>laetM^i  upside  down;  the  difference  obsi^rved  must  accordingly  be  doubled, 
nd  the  sum  added  to  each  volume  of  gas  read  oC 


2,    IkFLUKNCE   of   TKMPEBATirHE. 

10  temjierature  of  gaaea  to  be  measured  is  determined  either  by 
it  coiTespond  with  that  of  the  contjuing  fluid,  and  aHcertaining 
'||^Jatt4*r,  or  by  suspending  a  delicate  thermometer  by  the  side  of  the 
IpHi  to  be  measured,  and  noting  the  degife  which  it  indicates. 

If  the  construction  of  the  pnemnatic  appanitus  permits  the  total  im- 
merdon  of  the  cylinder  in  the  contining  fluid,  uniformity  of  tem|>e- 
rature  between  the  latter  and  the  gas  which  it  is  intended  to  measure, 
i»  most  readily  and  spt^dily  obtained  ;  but  in  the  reverse  case,  the 
operator  must  always,  after  every  manipulation,  allow  half  an  hour  or, 
in  o Iterations  combined  with  much  heating,  even  an  entire  hour  to  elapse, 
before  proceeding  to  observe  the  state  of  the  mercury  in  the  cylinder, 
luid  in  the  thermometer. 

Proper  care  must  bIso  be  taken,  after  the  temperature  of  the  gaa  haa 
been  duly  adjusted,  to  prevent  re-expansion  during  the  reading-off ;  all 
Injurious  influences  in  this  respect  must  accordingly  he  cturefully  guarded 
against^  and  the  operator  should,  more  especially,  avoid  laying  hold  of 
the  tube  with  his  hand  (in  pressing  it  dowu^  for  instance,  into  the  con- 
flniug  fluid) ;  making  uae|  instead,  of  a  wooden  holder. 

§15, 

S.  iNrLUEjfCB  OF  Pbessube. 

With  regard  to  the  third  point,  the  gas  is  under  the  actual  pressure  of 
the  atmosphei-e  if  the  confining  fluid  stiinds  cm  an  exact  level  both  in  and 
itsitle  the  cylinder ;  the  degree  of  pn*s,Hure  exerted  upon  it  may  therefore 
cmce  V>e  ascertained  by  considting  tbe  barometer.  But  if  the  confining 
i  stands  hi/ffi^r  in  the  cylinder  tlian  outside,  the  giis  is  under  less 
MitBare,— if  lower  ^  it  is  under  g^reater  pressure  than  that  of  the  at  mo* 
!?phere  ;  in  the  latter  case,  the  perfect  level  of  the  fluid  inside  and  outside 
the  cylinder  may  readily  be  restored  by  raising  the  tube ;  if  the  fluid 
Auds  1  higher  in  the  cylinder  than  out«i(ie,  the  level  may  be  resttired  by 
ifpressing  the  tube  ;  this  however  can  oidy  be  done  in  cases  where  we 
ive  a  trough  of  sufficient  depth.  Wlxon  operating  over  water,  the  level 
ay  in  most  cases  be  rearlily  adjusted  ;  when  operating  over  mercury,  it 
is,  moi^  especially  with  wi^le  tubes,  often  impossible  to  bring  the  fluid  to 
a  perfect  level  inside  and  outside  the  cylinder. 
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§  16. 

4.   iNFLmXCE   OF   MOISTCKS. 

In  measuring  gases  satanited  with  aqneons  ▼m>r,  it  must  be  taken 
into  account  that  the  vmpor,  bjr  virtue  of  its  tension,  exerts  a  preasare 
upon  the  confining  fluid.  The  necessary  correction  is  sunple,  sinee  we 
know  the  res|^ieotive  tension  of  aqueous  vapor  for  the  Tanons  degrees  of 
temperatuiv.  But  before  this  correction  can  be  applied,  it  is,  of  course, 
necessary  that  the  gas  should  be  actually  saturated  with  the  vapor.  It 
18^  therefore^  indispensable  in  measuring  gases  to  take  care  to  have  the 
gas  thoroughly  saturated  with  aqueous  vapor,  or  else  afasc^ut^j  drj. 

It  is  quite  obvious  fn>m  the  preceding  remarks,  that  volumes  of  gases 
can  be  c^^mpared  only  if  medisured  at  the  same  temperature,  tinder  the 
same  prec^^ure^  and  in  the  same  hygroscopic  state.  They  are  generally 
reduce!  to  0\  0*76  met.  barometer^  and  alisohite  dryness.  How  this  is 
efiecte^i^  as  well  as  the  manner  in  whidi  we  deduce  the  weight  of  gases 
from  their  volume,  will  be  found  in  the  chatter  on  the  calculation  of 
aaalrsetsw 

§17. 

^.  Tbk  ^iKJksmxG  or  FunD& 

In  fX^nsequetKV  of  the  v»st  development  which  vohunetric  analysis  has 
of  Ute  at>)uin^  the  menisuiing  of  fluids,  has  become  an  opermticm  of  ▼ery 
fr>^)ueut  vvvumHK^.  Acwwdiing  to  the  diflTervnt  ol^e^ts  in  view,  vaiioaa 
kiuxi^  K>f  mc-xA^urius:  vvtjcseU  axv  employed.  The  operator  must,  in  the 
OfcH'  of  ev^ry  mocisuruu:  vetss^  cakivfiiily  *fcgt»T%jnn^A  whetlfeer  it  is 
gnkluate^i  fv>r  i^^.iimj  <st  fv>r  i^isvr-i.^.j  the  exAct  number  cf  cl  c  marked 
on  it.  If  vv>a  Kavv  m*de  use  v>l  a  vv«ssel  of  the  forawr  deacxipUon  in 
Sfeinftsuri:,^  vnS'  UV  o.  c.  of  a  fluid,  atd  wish  to  trsBSlfer  the  laner  « 
p5ew^  tw*  a:;>.>cher  vv««^  t\h4  m'j:;<3«  ^fter  «oix>cyisi£  twt 
v«sei^  ru»»  v:^  Aiivi  *da  vhe  rtivswiy^  -^  lie  f;ifci  traakSlK-rTed  ; 
if  y.Hi  ^\e  Kjbde  i»»  of  a  mitfcj^ru:^:  vetsse^  of  i^  ianer  ^escriptioii^ 
there  ai*,i^  W  r:v>  r.asir;^. 

«k  McASt'iuw?  vics^i;?  ^»L)ir<-Ano  fv^  »,^ii^r!R»  the  kxact  MEJkScmm 


VTe  ift»  i.>r  tk»  r^nxxjv^ — 
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be  lieittod  in  tLom.     The  line-mark  should  be  placed  witMn  tUe  lower 
third,  or  at  least  within  the  lower  half,  of  the  neck, 

MeasQxing  Ikaks,  before  thej  ean  firaperly  be  employed  in  analytical 
operations,  must  first  be  carehilly  tested.  The  best  and  simplest  way 
of  efleeting  this  is  to  jiroceed  thus :— Put  the  £lask, 
l^erfectly  dry  inside  and  outHide,  on  the  on©  scale  of 
a  sxifficiently  delicate  btdance,  ti>gether  with  a  weight  of 
lUOO  grnj.  in  the  case  of  a  litre  flusk,  500  grm.  in  the 
case  of  iv  half-litre  fiaak^  *kc.,  restore  the  equilibrium  by 
placing  the  retjuisite  quantity  of  shot  and  tinfoil  on  the 
other  scale,  then  remove  the  flask  and  the  weight  from 
the  balmnce,  put  the  flask  on  a  perfectly  level  surface, 
and  pour  in  distilled  water  of  IG',*  until  the  lower 
border  of  the  dark  zone  formed  by  the  top  of  the 
water  around  the  inner  ivalla  con'eaponds  with  the 
line-nmrk.  Alter  having  thoroughly  dried  the  neck 
of  the  flask  above  the  mark,  replace  it  upon  the  scale : 
if  this  restores  the  perfect  equilibrium  of  the  balance, 
the  water  in  the  ihisk  weighs^  tn  the  case  of  a  litre- 
measure,  exactly  1000  grm.  If  the  scale  bearing  the 
£^sk  sinks,  the  water  in  it  weighs  as  much  above  1000 
grm.  as  the  additional  weights  amount  to  which  you  have  to  put  in  the 
other  scale  to  restore  the  equiHbriuni ;  if  it  rises,  on  the  other  band, 
the  water  weighs  as  mach  less  as  the  weights  amount  to  which  you 
have  to  put  in  the  scale  witli  the  flask  to  eflect  the  same  end. 

If  the  water  in  the  litre-measure  weighs  999  gnn.^f  in  the  half- liti'e 
measure,  499*5  grm.,  (Sro.,  the  measuring  flasks  are  correct.  Difl*erence8 
up  to  0*100  gi*tn.^  in  the  litre  measure,  up  to  0*070  grm-  in  the  half- litre 
measure,  and  up  to  0*050  grni.  in  the  quarter-litre  measure,  are  not 
taken  into  account,  as  one  and  the  same  measuring-flask  will  be  found 
to  offer  variation  to  the  extent  indicated,  in  i*epeated  consecutive  weigh- 
ings, though  filled  each  time  exactly  up  to  the  mark  with  water  of  the 
Bame  tempei*atui*e. 

Though  a  flask  should,  upon  examination,  turn  out  not  to  hold  the 
ex&ct  quantity  of  water  which  it  is  stated  to  contain,  it  may  yet  poftaibly 
with  the  other  measuring  vessels,  and  may  accordingly  still  be 

fectly  fit  for  use  for  most  purposes.     Two  measuring  vessels  agree 
aong  themselves  if  the  marked  Kos,  of  c.  c.  bear  the  same  propor- 
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I  ^  To  ii«e  water  in  the  state  of  its  hin^best  density,  vii.,  of  4",  1  c.  c.  of  which. 
t  exactly  1  grm.,  and^  accordingly,  1  litre,  exactly  1000  grms.,  i»  leaa  pnus- 
,  as  the  operations  most  in  that  caae  be  conducted  in  a  room  as  cold ;  smce. 
In  a  warmer  room^  the  outside  of  the  flask  would  immediately  become  covered 
with  moisture,  in  consequence  of  the  air  ooolmg  below  dew-point.  Nor  can  I 
ommend  F-  Mohr's  suggestion  to  make  litre-flaslu,  and  measuring  vessels  in 
neml.  upon  a  plan  to  make  the  litre-flaak,  for  instance,  hold,  not  1000  grm. 
at  4  ,  but  1000  grm.  at  16^,  since  in  an  arrangement  of  tbc  kiiid  proper 
rcifard  is  not  paid  to  the  actual  meaning  of  the  term  '^  litre  '"  in  the  sctentific 
v^arlti  ;  and  measnring-veBsels  of  the  same  nominal  capacity,  made  hy  difFerent 
instvisiaent-makeTii.  are  thn^  liable  to  differ  to  a  greater  or  less  extent .  One  litre- 
laak,  aoootding  to  Mohr.  holds  1001  '2  standard  c.  a  I  coneider  it  impractical 
^give  to  ihe  c.  o.  another  signifioation  in  vessels  intended  for  measnring  flutds 
1  in  vessels  used  for  the  measoring  of  goses,  which  latter  demand  strict  ad- 
BOQ  U>  the  standard  c.  c,  as  it  b  often  required  to  deduce  the  weight  of  i 
gu  by  calculating  from  the  volume. 
f  With  abttolute  accuracy,  1W>81>81  grm. 
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lion  to  eftch  oUier  as  the  weijB^ts  found ;  thus,  for  imrfimca^  sappodng 
joor  litre-meaimre  to  hold  998  grm.  water  of  16**,  and  yonr  50  c.  c. 
pip^te  to  deliver  49'9  grnu  water  of  the  same  temperature,  the  two 
measures  agree,  since 

1000  :  50=998  :  49-9. 

To  prqiare  or  correct  a  measuring  flask,  tare  the  dry  litre,  half  litre, 
or  rjiiiirt49r'litre  flask,  and  then  weigh  into  it,  bj  substitution  (§  9) 
999  grm.,  or,  as  the  case  may  be,  the  half  or  quarter  of  that  quantity  of 
distil letf]  wat«.'r  of  16"^.  Put  the  flask  on  a  perfectly  horizontal  support, 
place  your  eye  on  an  exact  level  with  the  surface  of  the  water,  and  mark 
the  lower  Ix^rder  of  the  dark  zone  by  two  little  dots  made  on  the  glass 
with  a  [Kiint  dipjied  into  thick  asphaltum  varnish,  or  some  other  sub- 
stance of  the  kind.  Now  pour  out  the  water,  place  the  flask  in  a  con- 
venient jKisition,  and  cut  with  a  diamond  a  fine  distinct  line  into  the 
glass  from  one  dot  to  the  other. 

bfj,  Meamjuring  vessels  uohicfh  serve  to  measwre  out  any  quantities  of 
fiuid  at  will. 

§19. 

2.   The  Graduated  Cylinder. 

This  instrument,  represented  in  ^.  3,  shoidd  be  from  2 
to  3  cm.  wide,  of  acapacity  of  100 — 300  c.  c,  and  divided 
into  single  c.  c.  It  must  be  ground  at  the  top,  that  it  may 
Iw  covered  quite  close  with  a  ground-glass  plate.  The 
measuring  with  such  cylinders  is  not  quite  so  accurate  as 
with  ineaHiiring  flasks,  as  in  the  latter  the  volume  is  read 
off"  in  a  narrower  part.  The  accuracy  of  measuring  cylin- 
ders may  be  tested  in  the  same  way  as  in  the  case  of  mea- 
suring flasks,  viz.,  by  weighing  into  them  water  of  16°; 
or,  alHO,  very  well,  by  letting  definite  quantities  of  fluid 
ilow  into  the  cylinder  from  a  correct  pipette,  or  burette 
graduated  for  delivering,  and  observing  whether  or  not  they 
are  correctly  indicated  by  the  scale  of  the  cylinder. 

^J^^  ^.    MrAHURING   VK88BL8  GRADUATED  FOR  DELIVERING  THE 

V^^^^     EXACT   MRA81TRB  OF  FLUID  MARKien   ON  THEM    (graduated  d 
FItf,  fl.        VeanUmtient). 

an,  AffKmuring  vessels  which  serve  to  measure  out  one  definite  (num- 
iUy  ofJlniiL  ^ 

§20. 

X   The   Graduated  JPipette. 

nds  hwirumont  sorvi^  to  take  out  a  definite  volume  of  a  fluid  from 
oni^  vosm^l,  and  <o  iransfor  it  to  another ;  it  must  accordingly  be  of  a 
»«IUI»I«»  n\\n\H^  to  admit  of  it«  Mni?  fixn^lv  inserted  into  flasks  and  bottlea 
W,.  Mm  \^^^HMU^H  of  1,  5,  U\  20,  50,  loO,  150,  and  200  c.  c.  capacity. 
Ilio  |»n»jM»r  sitnpo  for  piin^tt^^  up  to  20  c.  c,  capacity  is  represented  in 
l»IC.  4  ;   11^.  5  v^MVfn  tJio  UKwt  practical  form  for  laiger  ones.     To  fill  a 


'  umf  be  mttAe  la  tep  «ff  I7  s  w6^ 
mke.     If,  After  tllii^  Ike  f«i«i  «r  ^ 
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r  fide  of  tlie 
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The  oorrectneBft  of  m  pipette  is 
diatilJed  water  of  U\  listlasg  tbe 
stated,  into  a   tared   yeaMel,  and 
omtnoed  correct  if  100  c  c,  of  water  of  1€* 

Testing  in  like  munntfr  the  accuxaey  of  Ae 

K  '    )tmd  i>ipetU!<,  we  find  that  oae  asd  iha 

r  jiiiecuti vtf  wei||;hii]ga  of  liw 

*^-n  uiiu'  with  the  minutest  care, 

10  c,  e.  capHoity,  tip  to  0*040  gnoo.  lior  M  c  c 

1^  aDcuraej  of  the  mean 
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iMTi^iUmM  ^17  gi  ring  tlM;  UMtrnment  the  form  and  ocmstraciioii  shown  in 
ftg.  0,  Miil  fixing  it  t/>  a  holder. 

It  will  ti«$  M#M7n  fiYim  thtf^  drawing  that  these  pipettes  are  emptied  only 
itt  a  vA'.rUkin  mark  in  the  lower  tube,  and  that  Uiej  are  proTided  with 
a  nmi^prfMntm  nUip-rj^ckj  a  cr/ntrivanoe  which  we  shall  have  occasion  to 
t\%m'r^m  in  d#!tail  when  on  the  subject  of  burettes.  This  contrivance 
nidii'MjM  the  difrereiiCTS  of  measurements  with  one  and  the  same  50  c.  c 

I'ijxttteM  are  ufM)d  more  especially  in  cases  where  it  is  intended  to 
itntirnaUf  fJiflerent  ciinstituonts  of  a  substance  in  separate  portions  of  the 
Mitfie  :  for  inNtiinc49,  10  grrn.  of  the  substance  imder  examination  are  dis- 
(Kfived  in  a  *2M)  c.  c.  flask,  the  solution  is  diluted  up  to  the  mark,  shaken, 
ari<l  2|  *if  or  i  soveral  jiortions  are  then  taken  out  with  a  50  c.  c.  pipette. 
FSiuih  portion  consistH  of  \  part  of  the  whole,  and  accordingly  contains  2 
gnu.  <if  the  Nubstanoe.  Of  course  the  pipette  and  the  fla^  must  be  in 
perfnet  harmony.  Whether  they  are  may  be  ascertained  by,  for  instance, 
cuiiptving  Uie  50  0.  c.  pij)ette  5  times  into  the  250  c.  c.  flask,  and  observ- 
ing if  tint  lower  edge  of  the  dark  zone  of  fluid  coincides  with  the  mark. 
If  It  tUwn  not,  you  may  make  a  fresh  mark,  which,  no  matter  whether 
it  in  really  cMirn^ot  or  not,  will  bring  the  two  instruments  in  question 
int'f)  eohforniiiy  with  eiioh  other. 

( Wllndrioal  pipettes,  graduated  throughout  their  entire  length,  may  be 
UHcMi  alHo  Ui  nioiu4\m)  out  any  given  quantities  of  liquid ;  however,  these 
iuHl ruuKMitN  (Miu  ])roporly  l>e  employed  only  in  processes  where  minute 
iitMMinu\v  it  not  intliNptMisable,  as  the  limits  of  error  in  reading  off  the 
divinitiiiN  in  tlio  wider  fmrt  of  the  tube  are  not  inconsiderable.  For 
Mninllor  «piiin(ili('M  of  Hipiid  this  inaccuracy  may  be  avoided,  by  making 
lle>  pipe! (cm  of  tulxm  of  uniform  width,  having  a  small  diameter  only, 
iiittl  imrntwi^tl  Hi  both  endH.     (Fr.  Mourns  measuring  pipettes.) 

When  a  fluid  niUM  o\it  of  a  pijx^tto,  droj"«  sometimes  remain  here  and 
ili«M'<«  n«lluMing  <o  the  X\\\\o ;  Uiia  arisi^s  fn>m  a  film  of  £it  on  the  inside; 
it  \\u%y  bo  n^uoved  by  kiH'piug  the  instrument  some  time  filled  with  a 
MohHion  of  bioUn^umto  of  |H>t4i8sa  mixed  with  sulphuric  acid. 

hK  lUfNtgrniVfty  «y>MW4»  H'hicA  pnve  lo  mfoturt  out  quatUUieM  ofjluid  at 
mil. 


\  >f  iho  \  Avio\o(  fxM^^A  ai\d  di^vvdticms  of  this  instrument)  the  following 
Apl^s^v  I0  \uo  <ho  mxvM  \sn\\t>ui<vnt : — 

t'\N\  lU\'»  *a^>^\Um\1  wi>*.M\m^jj:  a^v^xATM'Wv  w^ii^-^ii  is  rfpreacnted  in  fig.  7, 
>^>^  <\\>^  >^\»^»^^<^si  "Ix^  VN^  Mo««.  \t  CkvnjQ$4$  of  a  nriuidncal  tube,  nar- 
^NNNx>^^  'l\N\N«^^N^x  ^ho  ),^>*w  on  A  t\M  AK>v,t  AT,  iiK**^  with  a  sHght  widening^ 
^xN\x\^\>^\\  i^(  0>o  o\i^v«v  )NNM\U  tn  .vrvVr  thaJ  tJ»e  CK>ct<dioiiic  ocmnector 
^^>iVN  f -^V^^  (^  <^^i*^  h>\h^  \  ,Nv,*>  >^>^^  V^tTvTtsr*  *"vf  tw'^^  jdsets^  xit^  of  30  c  c, 
^^\\\^tN^  \«<^^  ^V  o  hv  ^  i^^'j'.i  ,\V  .V*  ,\  o  ,^,x'j*ie«a  iiito  ^  ft.  a     TVe  ibnner  I 
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gations.  The  usual  lengtli  of  my  30  c,  c,  burette  is  about  50  cm, ;  the 
graduAted  portion  occupies  about  49  cm.  The  diiuneter  of  the  tube  is 
accordingly  about  10  dibl  in  the  clear;  the  upper  orifice  is,  for  the  con- 
Tenieaoe  of  filling,  widened  in  form  of  a  funnel,  measuring  20  mm.  in 
diameter;  the  width  of  the  lower  orifice  is  5  mm.  !For  very  delicate 
processes,  the  length  of  the  graduated  j>ortioii  may  be  extended  to  50  or 
52  cm.y  leading  thus  intervals  of  nearly  2  mm.  between  the  small  divi- 
sional  lines.  In  my  50  c.  c.  burettes  the  graduated  portion  of  the  tube 
ia  generally  40  cm.  long. 


Fig.  7. 


lo  make  the  instrument  ready  for  use,  the  narrowed  lower  end  of  the 
tube  is  warmed  a  little,  and  greased  with  tallow ;  a  caoutchouc  tube, 
abuttt  30  muL  long,  and  having  a  dianieter  of  3  mm.  in  the  clear,  is  then 
dmwB  over  it ;  into  the  other  end  of  this  is  inserted  a  tul>e  of  pretty 
thick  glass,  about  40  mm.  long,  and  drawn  out  to  a  tolerably  fine  point ; 
it  IB  advisable  to  slightly  widen  the  upper  end  of  this  tube  also^  and  to 
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cover  it  with  a  thin  coat  of  tallow ;  and  also  to  tie  linen-thread,  or  twine, 

round  both  ends  of  the  connector,  to  insure  perfect  tightness. 

The  space  between  the  lower 
oiifice  of  the  btii*ette  and  the 
upper  orifice  of  the  small  dt»li- 
yery  tulie  should  be  about  15 
mm.  The  india-rubber  tube  is 
now  pressed  together  between 
the  ends  of  the  tube*  by  the 
compreJ3sion-cock  (or  clip).  Hiia 
latter  iiiHtrument  in  usually  mmle 
out  of  brass  wire ;  the  form  re- 
preaent^ed  in  fig.  8  was  given  by  Mohr, 

A  good  clip  must  pinch  so  tight  that  not  a  pailiole  of  fluid  can  make 
its  way  through  the  connector  when  compressed  by  it ;  it  must  be  so  con- 
structed that  the  analyst  may  work  it  with  perfect  facility  and  exactness, 
so  as  to  regukte  the  outflow  of  the  liqmd  with  the  most  rigorous  accu- 
racy, by  bringing  a  higher  or  less  degree  of  pressure  to  bear  uj>on  it. 

For  8Up[K>rting  Mohr^s  burettes,  I  use  the  holder  represented  *in  fig. 
7 ;  this  iiistrumeut,  whilst  securely  confining  the  tube,  permits  its  being 
moved  up  and  down  with  |>erfect  freeilom,  and  also  its  btfing  taken  out, 
without  interteririg  with  the  compression  cock.  The  position  of  the  bu- 
rette must  be  strictly  [jeipenclicular,  to  insure  which,  care  must  be  taken 
to  have  the  grooves  of  the  cork  lining,  which  are  intended  to  receive  the 
tube,  pei'fectly  vertical,  with  the  lower  board  of  the  stand  in  a  horizon- 
tal position. 

To  charge  the  burette  for  a  volumetrieal  operation,  the  point  of  the 
instmment  is  immersed  in  the  liquid,  the  compi-ession-cock  opened,  and 
a  little  liquid,  sulficieiit  at  least  to  reach  into  the  burette  tube,  sucked 
up  by  applying  the  mouth  to  the  upper  end ;  the  cock  is  then  closed,  and 
the  liquid  poured  into  the  burette  until  it  r-eaclies  up  to  a  little  above 
the  top  mark.  The  burette  having,  if  required,  been  duly  adjusted  in 
the  proper  vertical  position,  the  liquid  is  allowed  to  diNjp  out  to  the  ex- 
act level  of  tlie  top  mark.  The  instmment  is  now  ready  for  use.  When 
aa  much  liipitd  has  flowed  out  as  is  required  to  attain  the  deaired  object, 
the  analyst^  before  proc^eeding  to  rt^id  off  the  volume  used,  has  to  wait  a 
few  minutes,  to  give  the  particles  of  fluid  adhering  to  the  side«  of  the 
emptied  portion  of  the  tube  proper  time  to  nm  down.  This  is  an  india^ 
pensable  part  of  tlie  operation  in  accurate  measui-ements,  since,  if  neg- 
lected, an  experiment  in  which  the  standard  liquid  in  the  burette  is  added 
slowly  to  the  fluid  under  exaraiiiatioii  (in  which,  accordingly,  the  minute 
])articles  of  fluid  adhering  to  the  glass  have  proper  time  aflbrded  them 
during  the  operation  itself  to  rim.  down),  will,  of  course,  give  slightly 
difierent  results  from  those  arrived  at  in  another  experiment,  whei^  the 
larger  portion  of  the  standard  duid  ia  applied  rapidly,  and  the  last  few 
dro|)6  alone  are  addt^l  slowly. 

The  MJay  in  which  the  reiidin^ff  is  effected,  is  a  matter  of  great  im- 
portance in  volumetric  analysis ;  the  tirst  requisite  is  to  bring  the  eye  to 
a  level  with  the  top  of  the  fluid.  We  must  consequently  settle  the  ques- 
tion^— What  is  to  be  consideriKl  the  top  ? 

If  you  hold  a  burette,  partly  filled  with  water,  between  the  eye  and  a 
strongly  illumined  wall,  the  surface  of  the  fluid  presents  the  appearance 
shown  in  tig.  10 ;  if  you  hold  close  behind  the  tube  a  sheet  of  white  pap»er, 
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niih  A  strong  light  fallbg  on  it,  ihe  sulfate  of  the  fluid  pre9ent«  the  &p[K*&r. 
ikoct  *hown  in  tig,  9. 

la  the  one  as  well  aa  in  the  other  case,  you  have  to  read  off  at  the  lower 
bonier  of  th«  dark  zone^  tliis  tx^ing  the  moat  tlistinetly  miirked  line.  Fb. 
'^/JfORB  reooiumend^s  the  folloTfting  device  for  re^^ilingH^ff : — Pa^tte  on  a  eiheet 
rf  very  white  pajier  a  broad  strip  of  bkck  paj>er,  and,  when  reading-of^ 
liold  this  close  behind  tlie  bui'ette,  in  a  posit  ion  to  pliwx*  the  border  line 
becween  white  and  black  fnjm  2  to  3  mnu  below  the  lower  border  uf  the 
dark  zona,  as  shown  in  tig.  11;  read-off  ni  the  lower  border  of  the  dark 


mg,^. 


Fig,  10. 


Fig,  11. 


it  care  mmst  be  taken  to  hold  the  paper  invariably  in  the  same  posi* 
tion,  Kine«t  if  it  he  held  lower  down,  the  lower  border  of  the  black  zone 
win  move  higher  up. 

I  prefer  to  read-off  in  a  light  which  causes  the  appearance  represented 
in  fig,  9. 

By  the  use  of  Erdii ann's  float  ^  all  uncertaintie»  in  rejuling^off  may  be 
avoided.  Fig,  12  repreaents  a  burette  tliua  provided.  In  thia  case  we 
A^aya  read  off  the  d^rae  of  the  burette  which  coincides  with  the  circle 
mthe  middle  of  the  float.  The  float  must  be  so  fitted  to  the  width  of  the 
WfiHte  tluit  when  placed  in  the  filled  burette,  it  will,  on  allowing  the 
nin  out  gradually,  sink  down  T^-ith  thn  same  without  wavering, 
it  has  been  pressed  down  into  the  tluid  of  tJie  clust^d  burette,  it 
riy  rifle  again^  The  weight  of  the  float  must,  if  necessaiy,  be  so 
re^la!^  V>y  mercury  that  when  placed  in  the  filled  tube  it  may  cut  the 
fiiu  s  top  uniformly  all  round.     A  further  important  condition 

<*/  tJ3  that  ita  axis  should  coincide  as  nearly  as  poKsible  with 

Ikit  oC  cIbb  burette  tube,  so  that  the  di\dsion-inark  on  the  burette  may 
kralifmya  parallel  with  the  circular  line  on  tlie  float, 

he  oormrtDeas  of  the  graduation  of  ii  burette  is  tested  in  the  most 
'  way,  aa  follows:  fill  the  instrument  up  to  the  highest  di vision 


•  JoouL  f.  prakt.  Ghem.  71,  191 
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with  water  of  16°,  tBen  let  10  c*  c,  of  the  liquid  flow  out  into  an  aocm* 
ratel J  weighed  flask,  and  weigh;  then  let  another  quantity  of  10c 
flaw  out,  and  weigh  again,  and  repeat  the  operatio 
until  the  contents  of  the  hurette  are  exhausted, 
the  instrument  is  correctly  graduated,  every  10  c.  c. 
of  watex  of  IG^  must  weigh  9*990  gmu  DLfle fences 
lip  to  0*010  grm.  may  be  disregarded,  since  even  with 
the  greatest  care  bestowed  on  the  process  of  reading- 
ofl^  deviations  to  that  extent  will  occur  in  repeated 
measurements  of  the  uppermost  10  c.  c.  of  one  and  the 
8&ID6  burette.  With  the  float-byrettea  the  weighings 
agi'ee  much  more  accurately,  and  the  difierences  for 
10  c.  c.  do  not  exceed  0*002  grm. 

Moiir'8  burette  is  unquestionably  the  best  and  most 
convenient  instalment  of  the  kind,  and  ought  to  be 
employed  in  the  mea«m"ement  of  all  liquids  which  are 
not  iiijuriously  afl*ected  by  contact  with  caoutchouc. 
Of  the  standard  solutionB  u»ed  at  present  in  volumetric 
analy.^iB,  that  of  permanganate  of  potassa  alone  cannot 
bear  contact  with  caoutchouc. 
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Fig.  13  represents  tliis  inatniment  in, 
BA  I  believe,  its  most  practical  form. 

I  make  use  of  two  aizea,  one  of  flfty  c, 
C.  divided  into  ^  c,  c,  the  other  of  50  c. 
Pig,  13,  c.  divided  into  -^  c.  c.     Tlie   fornier  is 

about  33  cm.  long  ;  the  graduated  por- 
tion occupies  about  25  cm. ;  the  internal  diameter  of  the 
wide  tube  measures  15  mm. ;  tbat  of  the  narrow  tube  4 
muL,  which  in  the  uj^per  bent  cud  gradually  decreases  to  2 
mm.  Tlie  graduated  portion  of  the  smaller  burette  is 
about  28  cm.  long,  and  has  accordingly  an  int^^rnal  diameter 
of  about  1 1  mm. 

The  stand  which  I  make  use  of  to  rest  my  hui'ett'ea  in, 
consists  of  a  disk  of  hiolid  wood,  from  5  to  ii  cm.  high,  and 
from  10  to  12  cm.  in  diameter,  with  holes  made  with  the 
auger  and  chisel,  of  proper  size  to  receive  the  bottom  part  of 
the  burettes. 

To  complete  the  instrument,  Mohr  suggests  the  uae  of  a 
perforated  cork,  bearing  a  short.  gla.ss  tube  hent  at  a  right 
angle.  Tbe  cork  being  inserted  into  the  mouth  of  the  wide 
tube,  a  piece  of  caoutchouc  is  drawn  over  the  sliort.  glass 
tube ;  by  blowing  into  tbis  with  greater  or  less  force,  the 
outflow  of  the  liipjid  from  the  spout  of  the  sKghtly  slanting 
burette  may  be  regulated  at  pleasure. 

The  reading-ofl"  of  the  lieight  of  the  liquid  is  eftected  in       Pig^  ig, 
the  same  way  as  explained  in  §  21,     1  prefer,  however, 
placing  the  burette  firmly  against  a  perpendicular  partition,  either  a 
atrongly  illumined  door,  or  the  pane  of  a  window,  to  insure  the  vertictJ 
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pomtion  of  the  InskruiDent.     It  is  only  when  operatizigiridiiiiQre  Liglitj 

eoQcenirate4f  and  accordingly  opju^ue  solutions  ofpernmnganftte  of  potassa, 

tliat  tlie  mi^tliod  of  reading  off  rotiidres  modification ;  iu  that  case,  tho 

■     upper  lK>rdt5r  of  tlie  liquid  is  notod ;  and  the  beat  way  is  to  place  the 

I    burette  againjit  a  white  background,  and  road  off  by  reflected  light* 

r      I] 


§23. 
Ill,    Gei^der*8  JBurttte, 


In  thiA  instrament,  which  is  represented  in  fig.  H,  the  narrow  tnbe 
is  placed  inside  the  wide  tube  instead  of  outride,  as  in  GAi'-LussAf/a 
burette.  The  part  of  the  inner  tube  projecting  beyond  the  wide  tube  is 
thick  in  the  ^&S8 ;  whilst  the  part  inside,  which  is  of  the  same  inside 
width,  is  made  of  very  thin  glass. 

This   is  a  very  convenient  instrument,  and  leas 
liable  to  fracture  than  Gay-Lx:bsac's  burette. 


I 


IL  FRELlMrNAllY  OpERATIONS.^ — PREPARATION  OF 
SUBSTAI^^CES  FOR  THE  PROCESSES  OP  QUAKTITA- 
TlYS  AlTALYBtS. 

§24. 

L  The  Selection  of  the  Sample. 

B^^fore  the  analyst  proceeds  to  make  the  qtianti- 
ive  analyaiB  of  a  body,  he  cannot  too  carefully 
nsidtT  whether  the  desired  result  m  fully  attained 
if  1  knows  the  respective  quantity  of  every 

in««  onKtituent  of  that  body.     This  primary 

point  i»  but  too  fi*eq\»ently  dbregarded,  and  thus 
fkhsa  impressions  are  made,  oven  by  the  most  care- 
ful analysis.  This  remark  applies  both  to  scientific 
and  to  technical  Lnvestigationa. 

Therefore,  if  you  have  to  determine  tlie  constitu- 
tion of  a  mineral,  take  the  greatest  possible  care  to 
remove  in  the  first  place  every  paiiicle  of  gangue, 
and  diweroinated  impurities  ;  remove  any  atlherent 
lOEiiler  by  wiping  or  washing,  then  wrap  the  eiib- 
staiice  up  in  a  sheet  of  thick  psiper,  and  crush  it  to 
|iiea68  on  a  steel  anvil ;  and  pick  out  with  a  pair  of 
•tnaD  pincers  the  cleanest  pieces.  Cry  stall  Lno  sul> 
irtBiicctt,  prep^kred  artificially,  ought  to  be  p^uriiied 
hy  rpcryst-allization ;  precipitates  by  thorough  wash- 
ing,  kc,^  4rc, 

In  technical  investigations, — when  called  upon, 
for  instance,  to  determine  the  amount  of  peroxide 
imesent  in  a  manganese  ore,  or  the  amount  of  iron 
{^recent  in  an  iron  ore, — the  fij'Kt  point  for  consider-  Fig, 

fttion  ought  to  be  whether  the  wimples  selected  cor- 
respond OS  much  as  possible  to  the  average  quality  of  the  ore. 


14. 
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woiiltl  it  Berve,  indeed,  to  the  purchaser  of  a  nmnganese  miiie  to  know  the 
amouut  of  |M?ri>xide  present  in  a  select,  possibly  j»articularly  rich,  sample? 
TbeHO  f»'W  olwervatious  ^dll  suffice  t<o  show  that  no  universally  appli- 
cable aiui  valid  rules  to  guide  the  analyst  in  the  selection  of  the  samjWe 
dui  Ih»  laid  doiKii ;  he  must  in  every  individual  caae^  on  the  one  hand, 
oxamiiic  the  substance  carefully,  and  more  particularly  also  under  the 
llli6roicn|i««,  or  through  a  lens ;  and,  on  the  other  hand,  keep  clearly  in 
iriftw  the  ohjt^t  of  the  investigation,  and  then  take  his  measures  accord- 


§25. 
2.  MscRAKtcAL  Drvigioy. 


* 


In  ord«r  to  pre|3«re  a  substance  for  analysis,  Le,^  to  render  it  accessible 
ito  lbs  aiOtiim  of  Bolvents  or  fluxes,  it  is  generally  indispensable,  in  the 
fhrsi  plmif^  to  divnle  it  into  minute  parta,  sinoe  this  will  create  abun- 
dant uointe  of  contact  far  the  solvent,  and  will  counteract,  ami,  as  far  us 
ttractKuhle,  remov  e  the  adverao  influenoes  of  the  power  of  eohe^on,  thus 
tiiltiUing  all  the  conditions  necessary  to  effect  a  complete  and  speedy 
flolttUoiL 

Tte  OMaas  omployiMi  to  attain  thb  object  \mry  according  to  tlie  nature 
of  Um  difliMretii  bodica  w«  have  to  0{tenite  upon.  In  manj  eases,  simple 
anullia|tor|ioiindijif  iaaiifioiefit;  in  other  cases  it  is  neeenary  to  reduce 
Ike  ^vder  to  the  very  htgheei  decree  of  §amitmt  by  siftang  or  by  elu- 

aion  of  pdvirderiBfiaeottdMled  in  mortars;  the  firttandmort 
in.^ .  ^P  M.-«.;4e  ooiKijiUoa  k|  lh«l  the  iihaletvd  of  the  B^ 
hai\W  thai  the  mhrt»ea  to  he  pnhvmid,  »  » to  ptewmA,  as  &r  at 
metmbhs  the  hrttor  ttom  hsJM comlawmrtwt  wilhaiy  pitictosolt' 
hftmmf,    Thvl^  i»  pmmdaam  siOIb  and 

lofiutf'iaeaa,  HMwhttn  mmt^n  nay  he  i 

b  lif  nlwy  for  inatapoSy) 
Im  —eh  c—!a»  the  hofffBr 
a  eeaiee  Doviler*  thia  b  hesi  eobcted 
wiampilmlhiia  nn  in  aevwl  theets  of  i 

vriih  a  hsMMflr  ipM  aatnl  I 
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mortar  ui  placed  upon  a  solid  support,  and  perpendicular  blowa  are  tb* 
peatedly  struck  upon  the  pestle  with  a  hammer  until  the  ohject  in  vievr 
id  attmned, 

MintfTtils  which  are  very  difficult  to  pulverise  Kliould  be  stroDgly 
%^t«df  and  then  Biiddenly  plunged  into  cold  water,  and  subsequently 
again  ignit«d.  This  proceaa  is  of  course  applicable  only  to  minerals 
which  \om  no  essential  constituent  on  ignition,  and  are  perfectly  insolu- 
ble in  wat4?r. 

In  the  purchase  of  agate  mortars,  especial  care  ought  to  be  titken 
that  they  have  no  palpable  cracks  or  indentations ;  vetj  nlight  cracks^ 
however,  that  cannot  be  felt,  do  not  render  the  mortar  useless,  although 
Um-v  impair  its  durability. 

Minerals  insoluble  in  acids,  and  which  consequently  require  fusing", 
must  especially  be  finely  di\dcled,  otherwiw  we  cannot  r^lcnlate  up<»n 
complete  decomposition.  This  object  may  be  obtained  either  by  tritu- 
rating the  pounded  mineral  with  water,  or  by  elutriation,  or  by  sifting ; 
the  two  former  processes,  however,  can  be  reported  to  only  in  the  case 
of  aubstances  which  are  not  attacked  by  water.  It  is  quite  clear  that 
analysts  must  in  future  be  much  more  cautious  in  this  poird  than  lias 
hitherto  been  the  Ciise,  since  we  know  now  that  many  substances  which 
are  usually  held  to  be  insoluble  in  water  are,  when  in  a  state  of  minute 
division,  strongly  affected  by  that  solvent ;  thus,  for  instance,  water, 
acting  upon  some  sorts  of  finely  pulverized  glass,  is  found  to  rapidly 
^Bolvefrom  2  to  3  per  cent,  of  the  [K>wder  even  in  the  cold.  (Pelouze.*) 
•gain,  finely  divided  feldspar,  granite,  trachyte  and  porphyry  give 
to  water  both  alkali  and  silica.     (H»  LuDWio.f ) 

TnifirrUhn  mM  imiter  (levifjaliofi).  Add  a  little  water  in  the  ponndi^d 
mineral  in  the  mortar,  and  triturate  the  paste  until  all  crcfdtation  ceases, 
or^  wliich  is  a  more  expeflitious  process,  ti-ansferthe  nnneral  paste  from 
the  mortjir  to  an  agate  or  flint  slab,  and  triturate  it  thereon  with  a 
mullf r.  flinse  the  past-e  otT,  with  the  washing  bottle,  into  a  smooth 
poroelain  basin  of  hemispheric  form,  evaporate  the  water  on  the  water- 
tiaCh,  and  mix  the  residue  most  carefully  with  the  pestle.  (The  paste 
mtkj  be  dried  also  in  the  agate  mortar,  but  at  a  very  gentle  heat,  since 
otherwise  the  mortar  might  cnick.) 

To  perform  the  process  of  elutriation^  the  pasty  mass,  having  first  been 
T€TT  fiuiely  triturated  with  water,  is  washed  otf  ii>to  a  beaker,  and  stirred 
widi  distilled  water;  the  mixture  is  then  allowed  to  stand  a  minute  or 
so,  af^r  which  the  superaatant  turbid  tluid  is  poured  otf  into  another 
beaker.  The  setliment,  which  contains  the  coarser  parts,  is  then  again 
ected  to  the  process  of  trituration,  &c.,  and  the  same  operation  re- 
until  the  whole  quantity  is  elutriatetl.  The  turbid  tlnifl  is 
to  stand  at  rest  until  the  minute  particles  of  the  substance  held 
in  Buspension  have  subsidetl,  which  generally  take^  many  hours.  The 
water  is  then  finally  decanted,  and  the  powder  diied  in  the  beaker. 

The  process  of  niftinff  is  conducted  as  follows :  a  piece  of  fine,  wcll- 
waahed,  and  thoroughly  diy  linen  is  j>laced  over  the  mouth  of  a  bottle 
about  1(1  cm.  high,  and  pressed  down  a  little  into  the  mouth,  so  as  to 
form  a  kind  of  bag ;  a  portion  of  the  linely  triturated  substance  is  put 
into  the  bug,  and  a  piece  of  soft  leather  stretched  tightly  over  the  top 


*  Oompi  Rend.  t.  xliii.,  pp.  117-123. 
t  Archiv  dor  Fliarm.  91,  147. 
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by  way  of  cover.  By  druniming  with  the  finger  on  the  leather  corer,  a 
shaking  motion  is  imparted  to  the  bag,  which  makes  the  finer  particles 
of  tlio  powder  gradually  pass  through  the  linen.  The  portion  remaining 
in  the  bag  is  subjected  again  to  trituration  in  an  agate  mortar,  and,  to- 
gether with  a  fresh  portion  of  the  powder,  sifted  again;  and  the  same 
prvHHHst  is  continued  until  the  entire  mass  has  passed  through  the  bag 
uito  tlie  glass. 

Whou  o][>erating  on  substances  consisting  of  difierent  compounds  it 
wouKi  Ik>  a  grave  error  indeed  to  use  for  analysis  the  powder  resulting 
from  the  first  process  of  elutriation  or  sifting,  since  this  will  contain  the 
more  nnuiily  pulverizable  constituents  in  a  greater  proportion  to  the 
mort^  n«8isting  ones  than  is  the  case  with  the  original  substance. 

On»at  care  must«  therefore,  also  be  taken  to  avoid  a  loss  of  subBtance 
in  the  pnxvss  of  elutriation  or  sifting,  as  this  loss  is  likely  to  be  distn- 
buteii  um>)ually  among  the  several  component  parts. 

In  cases  where  it  is  intended  to  ascertain  the  average  composition  of 
a  hoton^nei^us  substance,  of  an  iron  ore  for  instance,  a  large  average 
sample  is  st^lecteii,  and  reduced  to  a  coarse  powder ;  the  latter  is 
thoroughly  intermixed^  a  iH-^rtion  of  it  powdered  more  finely,  and  mixed 
unif^wtuly^  and  finally  the  quantity  reqiured  for  analysis  is  reduced  to 
the  fineist  powder^  The  most  ci>nv^nient  instrument  for  the  cmdiiing 
an\i  ix^arw"  (HHindinatr  of  lar^  samf>Ws  of  ore,  ^c^  is  a  sled  anvil  and 
hammer.  "Hie  anvil  in  my  own  laboratory  consists  of  a  wood  pillar,  85 
cnv  hi^th  an\i  ^  cm.  in  diameter^  into  which  a  steel  plate,  5  cm.  thick 
an^i  :X^  cm.  in  diamete^r.  is  let  u>  ihe  depth  of  one^ialf  of  its  thicimess. 
A  bcik^^ji  riu^^  >  cm.  hi^«  fits  rvHind  the  upper  fwx-k^ectii^  part  of  the 
$Mvl  |>^t<v  The  hammer^  which  is  wvll  steeled,  has  a  stxiiang  saAce 
of  >  osn.  viianK^ter.  An  anvil  astul  hammer  of  this  kind  aflbrd,  among 
otK^rs^  this  a^ivaRtaj>!'^  that  their  $$eel  svirtaices  admit  moist  readily  of 
%*^eara^s  Tv^  <\^Rvert  ihe  Ck>ar^  jvwvier  into  a  fiaer«  a  smooth-turned 
*l»^«rl  «K>ctar  ^>f  aKntt  l;^^  wira.  u}H>er  d2ss:k'^r  aai  74  ^^  deep  is  used 
— tiie  fi^  trii^T^ix^n  i*  0OBKhK"t<^a  in  an  a^ate  =»c«ar. 

Rv^<f«^  wVkih  it  )i($  iiittecMM  iw"  asdkvse  cisaxtiab£x>*Cx.  »«»  be.  wlien 
wiKd:W<  i)fc  a  i^^a^t^  $4at«rv  ia  a  vvmixi^xi;*  ii  w^^S:^  uiey  ««a  W  alwmva 

V«  «a  >fi.^M«sAft»:ttMu  .^»K\  x^^  a  er«Nbi6r!r  cc  m^  aaa/tsaa  «*c  w«ier«  ctkitd 

ir^>\  ^ryi*fr^w  t)M*  x^fc-^^Kif  «.Y»us«.^  ,»«''  %^b3i*c.     JIF/*r  ^i^  iiMMk  iknu 

<v«rwvn*.iw*  >^<:  kW  »^^t*,>*s ,  »^«v%^  -4  *^x  3«aK:V  )^  ax*«cT7^  -a.*^  babw  c£ 
%W  "^"^  *V*»i  >infrV«*«v\>s  *»-v^  ik^^NiK^  -t  ^Kif-m^i  ««a*3.  rtT  inntsciz^ 
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lixation.  In  contradisftinctioii  to  this,  we  will  employ  the  term  mowturt 
to  (lesigiiate  that  variiible  adherent  or  mechanically  enclosed  wtiter,  with 
ibtj  reuiovul  of  which  the  operation  of  di-jing  in  the  sense  hej'e  in  view 
ift  aloue  concerned. 

In  the  diying  of  substances  for  quantitative  analysis,  our  object  is  to 
remo^^e  all  moisture,  without  interfering  in  the  slightest  degree  with 
oombiniid  water  or  any  other  constituent  of  tho  body.  To  aecomplisk 
tliis  object,  it  is  absolutely  re*^uisite  that  we  should  know  the  projierties 
which  the  substance  under  examination  manife^its  in  the  dry  state,  and 
whether  it  loses  water  or  other  constituents  at  a  red  heat,  or  at  100^, 
ar  in  dried  air,  or  even  simjily  in  contact  with  the  atmosjdiere.  I'heae 
data  will  serve  to  guitle  ua  in  the  selection  of  the  process  of  desiccation 
beet  suited  to  each  substance,* 

Tlie  following  classitit^tion  may  accordingly  be  adopted : — 

r^<i.  SfubitUincJi^  which  lo$e  water  et^en  in  mmple  conUtet  with  the  aimo- 
^^tmf ;  such  as  aulphate  of  80<la,  crystallized  carbonate  of  soda,  Ac. 
Substances  of  this  kind  turn  dull  and  ojjaque  when  exposed  to  the  air, 
and  finally  crumble  wholly  or  partially  to  a  white  powder.  They  are 
more  dilticult  to  dry  than  many  t»ther  bodies,  Tlie  process  best  adapted 
for  the  purpose,  is  to  j>ress  the  pulverized  salts  with  some  degi-ee  of  force 
between  thick  layers  of  fine  white  blotting-paper,  i*ei>eating  the  operation 

I    with  fresh  paper  until  the  last  sheets  remain  ab^r^uteli/  dry. 
It  lA  genemlly  advLsable  in  the  com-ae  of  this  operation  to  repowder  the 


mXu 


h.    Substances  which  do  not  yidil  water  to  tke  atmosphere  {unle^  it  U 

perfecthf  thf/)^  hiU  ffflctresce  in  art[finun  y  dt^d  air  /  such  as  sulphate  of 
niagnesia,  tartrate  of  [jotassa  and  scKla  (Kochelle  salt),  kc.  Salts  of  this 
kind  Are  reduced  to  |)owder,  which,  if  it  be  very  moist,  is  pressed  between 
sheets  of  blotting  pajier,  as  in  « ;  after  this  operation,  it  must  be  allowed 
to  remain  for  some  time  spread  in  a  thin  layer  upon  a  sheet  of  blotting- 
paper,  effectually  protected  against  dust,  and  shielded  from  the  direct 
rajB  of  the  sun. 

§27. 

e,  Suhsiance&  which  under yo  no  {dteralion  in  dried  air,  hut  lose  ^miter 

tU  100" ;  tartrate  of  lime,  for  instance.    These  are  finely  pulverized ;  the 

owder  is  put  in  a  thin  layer  into  a  watch-glass  or  shallow  dish,  and  the 

PT  placetl  inside  a  chamlier  in  w  hich  tlie  air  is  kejjt  dry  by  means  of 

"iuric  acid.     This  process  Ls  usually  conducted  in  one  of  the  following 

tuses,  wtiich  are   tenned  dedccaUtrs^  and    subserve  still  another 

besides  that  of  drying,  viz.,  that  of  allowing  hot  cnicibles,  dishes, 

cool  in  dry  air, 

J.  l»>,  a  represents  a  glass  plate  (ground-glass  plates  answer  the 

best),  6,  a  bell  jar  with  ground  rim,  which  is   gi'eased  with 

f\    c  is  ft  ghuis  basin  with  suli)hyric  acid  ;   f/,  a  round  iron  plate, 

on  three  feet,  with  circular  holes  of  various  sizes,  for  the 

Teoeption  of  the  watch-glasses,  crucibles,  Jfc,,  containing  the  sybstance^ 

•  The  dried  Bubstanco  ahoiilf!  always  at  once  be  transferred  no  a  well-cloBed 
Tf  nl  ;  glawi  tubes,  sealed  at  one  end ^  and  of  sufflcientlj  thick  gloss  to  bear  the 
ftm  iaiertioa  of  tight*fitting  smooth  corks — weighing-tubes — ^are  usually  cm- 
ptfltjod  for  thia  purpose. 
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In  %  17,  a  i^pnaetOM  m  beaker  witk  gromd  and  greaaed  lim,  and 
if|»il  tn  oB^omlli  or  oflie4]iird  wltli  caaoentiated  solphimc  acid  ;  6  is 
m  yinaid-flHS  pfaite;  e  n  a  beat  vire  of  lead,  wbidi  serves  to  support 
Uie  waid^slaaa  1 


Pig.  IG. 

Fig.  IS  represents  a  readilj  portable  desiccator,  used  more  particularlj 
to  receive  crucibles  in  course  of  eooUng,  and  cany  them  to  the  balance. 

The  instrument  consists  of  a  box  made  of 
strong  glass;  the  lid  must  be  ground  to 
sbut  air-tight ;  the  place  on  which  it  j  oins 
greased  with  tallow.  The  oiit-er  dianiet 
of  my  boxes  is  105  mm. ;  the  sido«  are 
mm.  thick.  The  aperture  has  a  dianiet 
of  80  mm. ;  the  box  up  to  the  small  part 
65  mm.  high ;  the  lid  has  the  same  heigh 
the  small  part  itself  is  15  mm.  high,  and 
ground  to  a  slightly  conical  shape.  A 
brass  ring,  with  rim,  fits  exactly  into  the 
aperture  ;  the  rimmust  not  project  beyond 
the  glass.  The  ring  bears  a  triangle  of 
iroD,  or,  better,  platinum  wire,  intended 
for  the  reception  of  crucibles,  <fea 

The  body  which  it  is  intended  to  dry 
is  kept  exposed  to  the  action  of  the  dry 
air  in  the  glass,  until  it  shows  no  further 
diniinution  of  weight.  Substances  upon 
which  the  oxygen  of  the  air  exercises 
modifying  influence  are  dried  in  a  sf 
lar  munner,  under  the  exhaust<*d  receiv< 
of  an  air-pump*  Substances  which,  though  losing  no  water  in  dry 
yet  give  off  ammonia,  are  dried  over  <juicklime,  mixed  with  some  chl( 
ride  of  ammonium  in  powder,  and  constKj^uently  in  an  anhydrous 
moniacal  atmosphere. 

§28. 

d  Stihatane^s  whkh  at  100°  completely  loBt  their  moisiwre^  withmtt  nif- 
/mnj7  any  oth^r  fdteration^  such  as  bi tartrate  of  potassa,  sugar,  ic- 
These  are  dried  in  the  water-bath  ;  in  the  case  of  slow-drying  BubstaDces^ 
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'  wherv  il  ts  wuhed  to  expedite  tlie  openition,  with  tiie  aid  of  a  twr* 
tent  of  dry  air- 
Fig.  19  represeots  tKe  water-bath  most 
^^omiooly  med.    It  ia  made  of  aheet  cop- 
lite  cv^graTing  readers  a  detailed  de- 
UBneceesary.      Hie  inner  cham- 
y  Cf  ta  anmrnnded  on  five  aidea  bjr  the 
caae  or  jacketi  d  e^  withottt  conimti* 
with  it.     The  object  of  the  aper* 
g  and  A  ia  to  tStci,  diange  of  air, 
[whieh  ^rpuai*  tbey  anawer  sufficieDtlj  weU. 
il  ii  inlifnded  to  iiae  the  apparatus, 

«Ma  it  iOed  to  about  one-half  with 
0  it  doaed  with  a  perforated  ooric^  into  which  a  glaai  tube 
fitted ;  tha  apermre  6  ia  entiielj  doeed*  If  the  apparatus  is  intended 
be  h«at<d  ovfr  charcoal,  it  ahould  baire  a  length  of  about  20  aa. 
'  from  d  tio/i  bot  if  c»vw  a  ^is-,  spirits,  or  oil-lamp,  it  should  be  onlraboiit 
1^  em.  long.  In  t2»e  former  esse^  the  inner  chamber  is  17  cm.  deep» 
14  cuL  broad,  and  10  oiu  high ;  in  tLe  latter  caae,  H  is  10  emu  deep,  9 
caw  btiMid,  and  tS  cm.  hi^  The  tesipetmtiiiv  in  the  inner  ehafaber 
qiike  naachea  100'' ;  to  brii^  it  np  to  100'',  F.  BotTOMDm  haa 
to  does  h  with  a  donbl^luiib^  tube,  the  outer  longer  Inib 
widdi  dipa  into  a  cfhuAet  iOed  with  water ;  o  is  in  that  case  doaed 
a  perfmled  eorh  luaiiiig  a  aofieifntly  tall  fdnnel  tube,  which  fita 
In  the  eodc  Hw  lower  end  of  this  tube  reaches  down  to  one 
tlie  bottom. 
I  laip  anaijtieal  iafaonloriea  water  is  usaaU j  kept  boiling  all  dajr 
,  fur  the  ptodwdion  of  diatilled  water.  Hie  boikfa  used  in  mjr  own 
haire  the  dbafie  of  aomewimt  oblong  aqnan  boxes,  about 
loi^60  en.  brand,  and  24  cm.hi^;  the  fiwi  of  the  boikr 
into  it,  one  above  the  other,  two  rows  of  dijliig  cfaam- 
id  the  kind  shown  in  fig.  19.  This  p^tem  so  nanj  oinens  that 
at  enrr  student  maj  have  one  lor  his  ipecial  nae.  Most  of 
i  ofcna'are  fiom  11  to  12  cm.  dei^  and  broad,  and  8  em.  hi^; 
»  oC  them*  howervr,  are  16  emu  deep  and  broad,  to  enable  them  to 
ne  snbataaoes  to  be  dried  are  nsnaUj  pat 
,  kid  one  within  the  other,  whkh  are  plaoed  in 
[the  door  is  then  dosed.  Inthe  Bnhaeqnent|Roeemof  weigh- 
ittppo-  glass,  wtdch  fwtiiains  the  swhrtamy,  ia  eovered  with  the 
MML  TWghmKsmaatbequfleeoldbefiaretlkejareplaeedoiitha 
Incaaes  whertwvhare  to  deal  with  hjFpoaoopie  aabatancea,  the 
I  of  wnisr  upon  ***fllf^g  ^  ^mwmmA^  by  the  adeetson  of  doae- 
aze  hdd  tigM  together  hj  a  dmp  (fig.  20),  and 
alhiwed  to  cool  wish  their  eoulents 
under  a  bell-^Bm  over  anUMnie  add 
(mmt^U),  Hrnm  hUter  mst»y 
tkma  applj  e<|nally  to  ^e  pvoeem  of 
dijii^ 

~  fiir  ke^mE  the 
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ings,  so  that  it  shall  traverse  the  chamber  and  project  40-50  mm. 
beyond  the  corks  at  each  end.  The  copper  tubes  should  be  so  adjusted 
that  the  glass  tube  shall  stand  horizontallj  in  the  chamber^  at  the  same 
height  as  the  thermometer  bulb  and  just  behind  it.  To  produce  the  cur- 
rent of  dry  air  one  of  the  projecting  ends  of  the  wide  tube  is  connected  by 
a  narrow  glass  tube  and  perforated  cork,  with  an  aspii-ator  as  in  fig.  21,  the 
other  with  a  large  chloride  of  calcium  tube ;  the  water  of  the  aspirator  is 
allowed  to  run  off  somewhat  rapidly  at  first,  more  slowly  afterwai-ds. 
The  end  of  the  tube  that  delivers  the  air  into  the  wide  tube  is  recurved, 
BO  that  the  substance  within  shall  not  be  carried  away  in  the  current. 


Fig. 

The  substance  to  be  dried  is  weighed  out  in  a  tray  of  platinum  or 
porcelain,  fig.  24,  which  is  pushed  witliin  the  wide  glass  tube  by  help  of 
a  wire.  When  the  substance  is  hygroscopic,  the  tray  is  placed  horizon- 
tally within  a  test-tube,  which  is  corked  while  the  weight  is  being  ascer- 
tained. The  substance  and  tray,  after  drying,  may  be  cooled  in  the  same 
test-tube ;  in  that  case,  just  before  putting  on  the  balance,  the  cork  should 
be  removed  momentarily  to  allow  the  tube  to  fill  with  air.] 

§30. 

The  copper  apparatus  represented  in  fig.  19,  when  made  with  brazed 
joints,  can  be  employed  also  as  a  pai*afHne-bath ;  when  used  for  that 
purpose,  the  outer  case  is  filled  to  two-thirds  with  paraffine.  To  note 
the  temperature,  a  thermometer  is  inserted,  by  means  of  a  perforated 
cork,  in  the  aperture  a  ;  with  the  bulb  reaching  nearly  to  the  bottom, 
or,  at  all  events,  entirely  immersed  in  the  paraffine. 

Many  organic  substances,  when  dried  at  a  somewhat  high  temperature, 
sufier  alteration  by  the  action  of  the  atmospheric  oxygen.  In  the  desic- 
cation of  such  substances,  oxygen  must  accordingly  be  excluded. 

[The  drying  of  such  bodies  is  conducted  as  just  described  in  the  modified 
air-bath,  but  in  a  stream  of  dried  and  purified  hydrogen  or  carbonic  acid 
(see  §29).  The  gas  is  evolved  from  a  self-regulating  generator  (see  fig.  47, 
§  108,  or  "  QuaL  Anal.,"  Am.  ed.  p.  49).  To  the  end  of  the  wide  tube  from 
which  the  gas  \3scapes  is  fitted  a  perforated  cork  and  long  narrow  tube.] 

§  31. 

f.  Substances  which  suffer  no  alteration  at  a  red  heat^  such  as  sulphate 
of  baryta,  pearlasli,  <kc.,  are  very  readily  freed  from  moistiire.  They 
need  simply  be  heated  in  a  platinum  or  porcelain  crucible  over  a  gas  or 
spirit-lamp  until  the  desired  end  is  attained.  The  crucible,  having  first 
been  allowed  to  cool  a  little,  is  put,  still  hot,  under  a  desiccator,  and 
finally  weighed  when  cold. 

III.  General  Procedure  in  Quantitative  Analyses. 

§  32. 

It  is  important,  in  the  first  place,  to  observe  that  we  embrace  in  the 
following  general  analytical  method  only  the  separation  and  determina- 
tion of  the  metals  and  their  combinations  with  the  metalloids,  and  of 
the  inorganic  acids  and  salts.     With  respect  to  the  quantitative  analysis 
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of  other  compounds,  it  is  not  eflsy  to  lay  down  a  imiversallj^  aj»plicul>le 
metliod,  except  that  their  constitueuts  usually  require  to  be  converted 
first  into  acids  or  bases,  before  their  &e partition  and  estimation  can  bn 
ftttj*itipted ;  this  is  the  case,  for  instance,  with  sul[ihide  of  f*hoHphorus^ 
diioride  of  suJphur,  chUjride  of  iodine,  sulphide  of  nitrogen,  &c, 

Tlie  quantitative  analysis  of  a  subst^iuee  j)»"et4iip[>09es  an  accurate 
knowledge  of  Uie  proportion  of  the  Banie,  and  of  the  ntitui-e  of  its  several 
constituents.  These  tluta  wili  eunble  the  operator  at  ouco  to  decide 
whether  the  direct  estimation  of  each  individual  constituent  is  necessmy ; 
whether  he  need  operate  only  on  one  portion  of  the  substance,  or 
whether  it  would  be  advantageous  to  determine  each  constituent  in 
diHerent  portions,  Ijet  us  suppose,  for  instance,  we  have  a  mixture  of 
chloride  of  sodium  and  aidi ydrous  sulphat'O  of  soda,  and  w^ish  to  ascei'tain 
the  proportion  in  which  these  two  substances  are  mixetl.  Here  it 
would  b©  superfluous  to  determine  each  constituent  directly,  since  the 
determinatiou  either  of  the  quantity  of  the  clilorinc,  or  of  the  sulphuric 
iM?id,  is  quite  sufficient  to  answer  the  purpose ;  still  the  estimation  of 
both  the  chlorine  and  the  sulphuric  acid  will  afford  us  an  infallible  con- 
trol for  tlie  correctness  of  our  analysis ;  since  the  united  weights  of  these 
two  substajices,  added  to  the  sodium  and  soda  respectively  equivalent  to 
thera,  muBt  be  equal  to  the  weight  of  the  substance  tiiken, 

The«e  estimations  may  be  made,  either  iii  one  and  the  same  portion  of 
tlie  mtxture,  by  lirst  precipitating  the  .sulphuric  acid  with  nitrate  of 

ryta,  and  subsequently  the  hydrochloric  acid  from  the  iiltrate  with 
lution  of  nitrate  of  silver ;  or  a  separate  portion  of  the  mixture  may 

I  appropriated  to  each  of  these  two  opcnUions.     Utdess  tliore  is  some 
"objection  to  its  use  (<^,y.,  deficiency  or  heterugeneoiisness  of  subst^mce)^ 
Uie  latter  method  is  more  convenient  and  generally  yields  more  accu- 
suits;  smce,  in  the  former  method,  tlie  unavoidable  %vashing  of 

rftrst  precipitate  swells  the  amount  of  li<juid  so  conHiderably  that  the 

jyais  is  thereby  delayed^  and,  moreover,  loss  of  substance  less  easily 
led  against. 

Before  beginning  all  analyses,  at  least  those  of  a  more  complex  nature, 
the  student  should  write  out  an  exact  plan,  and  accumtely  note  on 
paper,  during  the  entire  process,  everything  that  he  does.  It  is  in  tho 
highest  degree  unwise  to  rely  on  the  memory  in  a  complicated  analysis. 
When  students,  who  imagine  they  can  do  so,  come,  a  week  or  a  forU 
night  after  they  have  begim  their  analysis,  to  work  out  the  results, 
they  find  genei-ally  too  late  that  they  have  forgotten  much,  which  now 
appears  to  them  of  importance  to  know.  The  intelligent  pui-suit  of 
chemical  analysis  consists  in  the  projecting  and  accurate  testing  of  tho 
plan ;  acut-eness  and  the  power  of  passing  in  review  all  tho  influencing 
chemical  relations  must  here  support  each  other.  He  who  works  with- 
out A  thoroughly  thought-out  plai\  ban  no  right  to  say  he  is  practising 
ch<?mistry ;  for  a  mere  unthinking  stringing  together  of  a  series  of  lil- 
trationn,  evaporations,  i^^Tiitions,  and  weighings,  howsoever  well  these 
leveral  operations  may  be  performed,  is  not  chemistry. 

We  will  now  proceed  to  describe  the  various  operations  constituting 
the  process  of  quantitative  analysis. 

§  33. 

1.   WkIOHINO    TffE    SrBSTAJICE. 

The  amount  of  matter  required  for  the  quantitative  analysis  of  a 
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suljstance  depends  upon  the  nature  of  its  constituents ;  it  is,  therefore, 
impoBsible  to  lay  do^Ti  rulea  for  giiidance  on  this  point.  Half  a 
gramme  of  chloride  of  sodium,  and  even  less,  ia  suiiicient  to  eifect  the 
estimation  of  the  chlorine.  For  the  qtmntitative  analysis  of  a  mixture 
of  conmion  salt  and  anhydrous  svilphate  of  soda,  1  gramme  will  sniKce; 
whereas,  in  the  case  of  aslies  of  [jlauts,  complex  niineiula,  »te.,  3  or  4 
gi'ummes,  and  even  more,  are  required^  1  to  3  grin,  can  therefore  be 
indicated  bs  the  average  quantity  Huitable  in  most  cases.  For  the  esti- 
mation of  constituents  pi'esent  in  very  minute  proportions  only,  as, 
for  instance,  alkalies  in  limestones,  phosphorus  or  sul[ihur  in  cast-iro: 
«fec.,  much  grctater  quantities  are  often  reqttired — 10,  2U,  or  50  grammca. 

The  greater  the  amount  of  suhstance  tiiken  the  more  accurate  will  be 
the  aimlvHis;  the  smaller  the  quantity,  the  sooner,  as  a  rule,  will  the 
analysis  be  iinished.  We  would  ad v hie  the  student  to  endeavor  to 
combine  accuracy  with  economy  of  time.  The  less  substancn  he  takes 
to  operate  upon,  tlie  more  cai'efuJly  lie  ought  t-o  wt4gh  ;  the  larger  the 
amount  of  substance,  the  less  harm  can  result  from  slight  inacciu'acies  in 
weighing,  Somewhat  large  quantities  of  substance  are  genei*ally 
weighed  to  1  unJligramaie ;  minute  quantities,  to  yi^j^  of  a  milligramme. 

it  one  portion  of  a  substance  is  to  be  weighed  otf,  we  first  weigh  two 
watch-glasses  wbicli  fit  on  each  other,  or  else  an  empty  platinum  cnici- 
ble  with  lid,  then  wo  put  some  snbstanee  in, and  weigh  again;  the  dirter- 
ence  between  the  two  weighings  gives  the  weight  of  thesubHt>uic€*  taken. 

If  ieperai  quantities  of  a  substance  are  to  be  o|>erated  upon,  the  best 
way  is  to  weigh  off  the  several  portions  successively  ;  which  may  be 
accomplished  most  readily  by  weighing  in  a  glass  tube,  or  other  appro- 
priate vesi^l,  tlie  whole  amount  of  substance,  and  then  tshakingout  of  the 
tul>e  the  quantities  rei|iiired  one  after  another  into  appropriate  vessels, 
weighing  the  tube  after  each  time. 

The  work  may  often  also  be  materially  lightened,  by  weighing  off  a 
larger  j»ortion  of  the  substance,  dissolving  this  to  j:,  i  or  1  litre,  and  tak- 
ing out  for  the  sevcml  estimations  aliquot  parts,  with  the  50  or  J  00  c.  c, 
pipette.  The  first  and  most  essential  condition  of  this  jiroeeeding,  of 
course,  is  that  the  pi[iettes  must  accumtely  cont^sjiond  with  the  measm*- 
ing  llaaka  (§§  18  and  20), 

§  34. 

2.  Estimation  of  the  Wateb. 

If  the  snbstance  to  be  examined — after  ha'ving  been  freed  from  moia* 
ture  by  a  suitable  drying  process  (§§  20 — 32) — contains  water,  it  is 
usual  to  begin  by  determining  the  amount  of  this  water.  Tliis  operation 
is  generally  simple;  in  some  instances,  however,  it  h&si  its  difficulties. 
This  de[>ends  iqion  various  circumstances,  viz.,  whether  the  compounds 
intended  for  analysis  yield  their  water  readily  or  not ;  whether  they  cau 
bear  a  red  heat  without  suffering  decomposition ;  or  whether,  on  the 
oontmry,  they  give  off  other  volatile  substanceSj  besides  water,  even  at 
a  lower  temperatme. 

7^he  correct  kitowhdffe  uf  ih€  consiUtttion  of  a  compound  depends 
fn^quently  upon  the  accurate  estimation  of  the  water  contained  in  it ;  in 
many  cases — for  instance,  in  the  analysis  of  the  stilts  of  known  acids — 
the  estimation  of  tlie  water  contiiiued  in  the  analyzed  compound  siLfficea 
to  enable  us  to  deduce  the  formula.     The  estimation  of  the  water  con- 
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tained  in  a  substance  is,  therefore,  one  of  the  most  important,  aa  well  as 
mtjst  frequently  occurring  operatioiLS  of  qnantitative  analysis^  The  pro- 
p<jrtion  of  water  contained  iu  a  substance  may  be  determined  in  two 
ways^  vijp,.,  fi,  from  the  diminution  of  weiglit  consequent  upon  the  expul* 
hiou  of  the  water;  b^  by  weighing  the  amount  of  water  expelled. 


I 


§  35. 

o»  Estimation  of  the  Water  from  the  Loss  or  Weight, 

Tliis  method,  on  account  of  its  simplicity,  is  moat  frequently  employed. 
The  modtut  opera/ndi  depends  upon  the  nature  of  the  substance  under 
examination. 

a.    The  Suhsiance  hears  ignitian  without  lonng  other  Constituents  heaideM 
Water ^  and  without  almorhing  (/xi/r/eii,. 

Tlie  substance  is  weighed  in  a  platinum  or  porcelain  crucible,  and 
phioed  over  the  gas  or  spirit  lamp;  tho  heat  should  be  very  gentle  at 
t,  and  gradually  increase<l.  When  the  cnicibie  has  bf?en  maintained 
If  time  at  a  red  heat,  it  is  allowed  to  cool  a  little,  put  still  warm 
Under  the  desiccator,  and  finally  weighed  when  colli.  The  ignition  in 
then  repcat4?d,  and  the  weight  again  fiscertained.  If  no  further  diminu- 
tion  of  wtdght  has  taken  phice,  the  process  is  at  an  end,  the  desired  ob- 
ject Iwing  fully  attain<?d.  But  if  the  weight  is  less  than  after  the  firht 
heating,  the  opt^ration  must  be  repeate^l  until  the  weight  remains  constant* 

In  the  case  of  slhcatea,  the  heat  must  be  raised  to  a  very  high  degi'ee, 
sitioe  many  of  them  {e.g,  talc,  steatite,  nephrit^e)  only  begin  at  a  red  beat 
to  give  off  wftter,  and  req\iii'e  a  yellow  heat  for  the  complete  expulsion 
of  that  constituent,  (I^.  Scheeher.*)  Such  bodies  are  thei-efore 
igmted  over  a  bla^it  liunp* 

In  th«  case  of  sub^jtances  that  have  a  tendency  to  puff  off,  or  to  spurt, 
m  Ktnoll  flask  or  retort  may  sometimes  be  arlvantugeoualy  substituted  for 
the  cruciUI<».  Care  must  be  taken  to  remove  the  last  traces  of  ac^ueous 
vapor  from  the  vessel,  by  suction  through  a  ghiss  tube. 

Deerepitii ting  salts  (chloride  of  sodium,  for  ijistance)  are  put — finely 
pulverized,  if  possible — in  a  small  covered  platinum  crucible,  which  is 
tht$n   placed  in  a  large  one,  also   covered ;  the  whole  is  weighed,  tljen 

lied,  gently  at  first  for  some  time,  then  more  strongly ;  finally,  after 
J,  weighed  again. 

PA^  mbMtaTtce  loues  on  ignition  otJwr  Cofutituenfji  he^idm  Water 
{Boracin  Addy  AS^idphuric  Add^  J^luoride  of  SiiicoHy  tfcc.)* 

Heire  tlie  analyst  has  to  consider,  in  the  first  place,  whether  the  water 
may  tiot  be  expelled  at  a  lower  degi'ce  of  heat,  which  does  not  involve 
loss  of  other  constituents.  If  this  may  be  done,  the  substance  is 
cd  either  in  the  water-lwith^  or  where  a  higher  tompenitur©  ia  re- 
"flmred,  in  the  air-bath  or  od-buth,  the  ti^^mperature  being  reguhited  by 
Ititi  tliennf? meter,  Tlie  oxptdsion  of  the  water  may  be  promoted  by 
the  CQ-oj»eration  of  a  current  of  air  (compare  g§  29  and  30) ;  or  by  th6 
addition  of  pure  dry  saml  to  the  substance,  to  keep  it  porous,  f     The 

•  Jahresber,  von  Liel^ig  u.  Kopp,  1851,  610. 
f  Ann  d.  Chem.  tL  Pharm.,  53»  233. 
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process  must  be  continued  under  these  circumstances  also,  until  the  weight 
remains  constant. 

In  cases  where,  for  some  reason  or  other,  such  gentle  heating  is  insuf- 
ficient, the  analyst  has  to  consider  whether  the  desired  end  may  not  be 
attained  at  a  red  heat,  by  adding  some  substance  that  will  retain  the 
volatile  constituent  whose  loss  is  a])prehended.  Thus,  for  instance,  the 
crystallized  sulphate  of  alumina  loses  at  a  red  heat,  besides  water,  also 
sulphuric  acid ;  now,  the  loss  of  the  latter  constituent  may  be  guarded 
against  by  adding  to  the  sulphate  an  excess  (about  six  times  the  quan- 
tity) of  finely  pulverized,  recently  ignited,  pure  oxide  of  lead.  But  the 
addition  of  this  substance  will  not  prevent  the  escape  of  fluoride  of 
silicon  from  silicates  when  exposed  to  a  red  heat  (List  *). 

Thus  again,  the  amount  of  water  in  commercial  iodine  may  be  deter- 
mined by  triturating  the  iodine  together  with  eight  times  the  quantity 
of  mercury,  and  drying  the  mixture  at  100°  (BoLLEYf ). 

y.   Tlie  Suhatanct  contains  several  differently  combined  quantities  of 
Water  which  require  different  Degrees  of  Temperature  for  Expvlsicn, 

Substances  of  this  nature  are  heated  first  in  the  water-bath,  until  their 
weight  remains  constant ;  they  are  then  exjKwed  in  the  oil-  or  air-bath 
to  150,  200,  or  250°,  <fec.,  and  finally,  when  practicable,  ignited  over  a 
gas-  or  spirit-lamp.  [In  such  experiments,  it  is  best  to  proceed  as  de- 
scribed, §  29,  p.  39,  viz.,  to  heat  in  a  current  of  dried  air,  hydrogen,  or  car- 
bonic acid.] 

In  this  manner  differently  combined  quantities  of  water  may  be  dis- 
tinguished, and  their  respective  amounts  correctly  estimated.  Thus,  for 
instance,  crystallized  sulphate  of  copper  contains  28*87  per  cent,  of  water, 
which  escapes  at  a  temperature  below  140°,  and  7*22  per  cent.,  which 
escapes  only  at  a  temperature  between  220  and  200°. 

^.  When  the  substance  has  a  tendency  to  absorb  oxygen  (from  the  pre- 
sence of  protoxide  of  iron,  for  instance)  the  water  is  better  determined 
in  the  direct  way,  than  by  the  loss.     (§  3G.) 

§36. 

5.  Estimation  of  Water  by  Direct  Weighing. 

This  method  is  resorted  to  by  way  of  control,  or  in  the  case  of  substances 
which,  upon  ignition,  lose,  besides  water,  other  constituents,  which  cannot 
be  retained  even  by  the  addition  of  some  other  substance  (e.g.,  carbonic 
acid,  oxygen),  or  in  the  case  of  substances  containing  bodies  inclined  to 
oxidation  (c./y.,  protojdde  of  iron).  The  principle  of  the  method  is  to  expel 
the  water  by  the  application  of  a  red  heat,  so  as  to  admit  of  the  condensa- 
tion of  the  aqueous  vapor,  and  the  collection  of  the  condensed  water  in 
an  appropriate  appai-atus,  partly  physically,  partly  by  the  agency  of  some 
hygroscopic  substance.  The  increase  in  the  weight  of  this  apparatus 
represents  the  quantity  of  the  water  expelled. 

The  operation  may  be  conducted  in  various  ways ;  the  following  is  one 
of  the  most  appropriate  : — 

*  Ann.  d.  Chem.  u.  Pharm.,  81,  189.         f  Dinglefs  Polyt.  Joum.,  126,  89. 
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J?,  ^g.  25,  represents  a  gasonieter  filled  with  air ;  6  a  flask  balf-filled 
witli  concentrattHl  sulphuric  acid  ;  c  and  «  o  are  chloride  of  calcium  tubes  ; 
(/  is  a  bulb-tube. 


Fig.  2o. 

The  flubntancc  intended  for  examiniition  ia  weiglipd  in  the  perfectly  dry 
tube  if^*  which  is  then  connected  with  €  and  the  weighed  cldoride  of  cal- 
cium tube  a  o,  by  means  of  BO\ind  and  weil-drieil  perforated  corks. 

The  operation  is  commenned  by  o|u^ning  the  stop-cock  e  a  little,  to 
allow  th»^  air,  which  loses  all  it-s  moisture  in  h  and  Cj  to  pass  slowly  tlirongh 
d ;  the  tnhe  d  is  then  he^tetl  to  beyond  the  boiiiiig-poiDt  of  water,  by  hohb 
icg  a  lamp  towai*dsy*,  taking  care  not  to  bum  the  cork ;  and  finally,  the 
bulb  whirli  contains  the  substance  is  exposed  to  a  low  i-ed  heat,  the  tern* 
j-ieratur*^  at  f  being  maint^ained  all  the  while  at  the  point  indicated, 
WTien  the  expulsion  of  the  water  has  been  accoinjdisljed,  a  slow  current  of 
air  ia  still  kept  up  ti!l  the  bnlh-tubH  is  cold  ;  the  apjmratus  is  then  dis- 
connected, iuid  tJu'  ehloride  of  calcium  tube  a  o,  weighed.  The  increaiM) 
in  the  weight  of  this  tube  reprt^senta  tlie  quantity  of  water  originally 
pn-aent  in  the  substance  examined. 

The  empty  bulb  a,  in  which  the  greater  portion  of  the  water  collects, 
hji£  not  only  for  its  object  to  prevent  the  liquefaction  of  the  chloiide  of 
calcium,  but  enables  the  analyst  also  to  test  the  condensed  water  as  to  its 
reaction  and  purity. 

The  apparatus  may,  of  course,  be  modified  in  various  ways  ;  thus,  the 
chloride  of  calcium  tubes  may  be  U-shaped  ;  a  U-tube,  filled  with  pieces 
of  pumice- Bt4>ne  saturated  with  sulphuric  acid,  may  be  substituted  for  the 
" :  with  sulphuric  acid  ;  and  the  gasometer  may  be  replaced  by  an  aspi- 
>r  (fig.  21)  joined  to  o. 

The  expulsion  of  the  aqueous  vapor  from  the  tube  containing  the  sub- 
ttanee  under  examination,  into  the  chloride  of  calcium  tube,  may  be 
effected  a)80  by  other  means  than  a  current  of  air  supplied  by  a  gasometer 
or  aspirator ;  viz.,  the  substance  under  examination  may  he  heated  to 
redness  in  a  perfi^etl  v  dry  tube,  together  with  cai-bonato  of  lead,  since  the 
cftrbonic  acid  of  tlie  latteT,  escaping  at  a  red  heat,  serves  here  the  same 
pttrpoee  as  a  stream  of  air.     This  method  is  principally  applied  in  cases 

•  [It  is  nmally  better  to  weigh  off  tbc  subfitanc^  into  a  tray  or  boat  of  porcjelain 
or  pl&timim,  &nd  place  this  within  a  straight  tube  of  hard  glass  and  ignite  by  means 
of  a  tube  furnace.] 
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where  it  i&  desirable  to  retain  an  mdd  which  otherwise  would  voiitUi^e 

together  with  the  water ;  thus,  it  is  applied,  for  instance,  for  the  direct 
e&timation  of  the  water  contained  in  t]i«  hiHulplmte  of  potassa,  Jtc. 


Fig.  26. 

Fig.  2G  represents  the  disposition  of  the  apparatns, 

a  h  IE  a  common  combustion  fnrnace ;  *^  ^^  a  tube  filled  as  follows  :^1 
from  c  to  d  with  carbonate  of  lead,*  from  d  to  e  the  substance  intimately 
mixed  with  ciu-bonate  of  lea<i,  and  from  e  to /*i>ure  carbonate  of  lead*  The 
cliloride  of  calcium  tube  g^  being  accunitely  weighed,  ia  connected  with 
the  tube  c/'^  by  means  of  a  well-tkied  perfoitited  cork,/^. 

The'  operation  is  commenced  by  stirrotinding  tbe  tube  with  red-hot 
charcoal,  advancing  from  y'^towanl  c;  the  fore  part  of  the  tube  which 
protrudes  from  the  furnace  sbould  be  maintained  at  a  degree  of  heat  which 
barely  permits  the  operator  to  lay  hold  of  it  with  his  fingers.  All  further 
particulars  of  this  operation  will  be  found  in  tlie  chapter  on  organic  ele^ 
mentary  analysis,  llie  mixing  is  performetj  best  in  the  tube  with  a  wire. 
The  tube  c/^  may  be?  sliort  and  moderately  narrow. 

The  volatilization  of  an  acid  cannot  in  all  cases  be  prevent4?d  by  oxide  of 
leati ;  thus,  for  instance,  we  could  not  dett^rmine  the  water  in  crjsta.llized 
boracic  acid  by  tlie  above  process.  This  could  readily  be  done,  however, 
by  ignitiug  the  iu*id  mixed  with  excess  of  dry  carbonate  of  soda  in  a  glass 
tube  drawn  out  behind  in  the  fonn  of  a  beak,  receiving  tlie  water  in  a 
chloride  of  calcium  tube,  and  transferiing  the  final  residue  of  aqueous 
vapor  into  the  Ca  Cl-tube  by  suction,  after  the  point  of  the  beak  has 
broken  off.     (See  Organic  Analysis.) 

The  foregoing  methods  for  the  direct  estimation  of  water  do  not,  how- 
ever, yet  embrace  all  cases  in  which  those  described  in  §  35  are  inap- 
plicable ;  since  they  can  l>e  employed  only  if  the  substances  escaping 
along  with  the  water  are  such  tis  will  not  wliolly  or  partly  eondenae  in 
the  chloride  of  calcium  tube  (or  in  a  hydrate  of  potassa  tube,  or  one 
filled  with  pumice-stone  satm^ted  with  snl|ihuric  acid,  which  might  be 
used  instead).  Thus  they  are  perfectly  well  adajtted  for  determining 
the  water  in  the  basic  carboimte  of  zijic,  but  they  cannot  1>e  applied  to 
deternnne  the  water  in  sulphate  of  soda  and  anmionia.  With  sub- 
Btances  like  the  latter,  we  must  either  have  recourse  to  the  processes  of 
organic  elementary  analysis,  or  we  must  rest  satisfied  with  the  indirect 
estimation  of  the  water. 

3.  Solution  of  StrBSTANCEs. 
Before  pur«\ung  the  analytical  process  further,  it  is  in  mo«t 
cjesaary  to  obtivin  a  solution  of  the  substance.  This  openition  is  fdmpie 
where  the  body  may  b«  dissolved  by  direct  treatment  with  water,  or 
acidi,  or  alkalies,  Ac. ;  but  it  is  more  complicated  in  cases  where  the 
body  requires  fluxing  as  an  indispensable  preliminary  to  solution. 

•  The  carbonate  of  lend  must  have  been  previauAly  ignited  to  incipient  deoom* 
podtion,  and  cooled  in  a  closed  tube. 
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When  we  have  mixed  substanoes  to  operate  upon,  the  component  parte 
of  vbich  behave  differently  with  stilveuta,  it  is  not  by  any  means  neco^* 
tmry  to  dissolve  the  whale  Kukstuuee  at  tii*st;  on  the  contrary,  the  8epa- 
rmtian  may,  in  sach  caaes^  be  oiten  effected,  in  the  most  simjile  and  ex- 
peditious manner^  by  the  Bolvent«  themselves.  Thn&,  for  instance,  14 
mixture  of  nitrate  of  pot^ssa,  carbonate  of  lime,  and  sulj>liate  of  baiyia, 
may  ha  readily  and  accurately  analysed  by  dissolving  out,  in  the  tirst 
pjju^,  the  nitrate  of  potassa  with  water,  and  subsequently  the  carbonate 
of  lime  by  hydrochloiic  acid,  leaving  the  insoluble  sulphate  of  baryta. 


I 


§  38. 

a.  Direct  Solutions 

The  direct  solution  of  substances  is  effectt^d,  according  to  circura- 
itance«,  in  beakers,  flanks,  or  dishea,  and  may,  if  necessary,  be  promoted 
hj  the  application  of  heat;  for  which  purpose  the  water-bath  will  be 
found  most  convenient.  In  cases  where  an  open  fire,  or  the  sand-bath, 
or  an  iron-plate  is  resorted  to,  the  analyst  must  take  care  to  guard  an;aiiist 
nctoftl  ebullition  of  the  fluid,  since  this  wx»uld  render  a  loss  of  substance 
from  spirting  almost  unavoidable,  esfiecially  in  causes  where  the  process 
is  conducted  in  a  dish.  Fluids  containing  a  setliment,  either  insoluble, 
or,  at  least,  not  yet  dissolved,  will,  when  heated  o>'er  the  lamp,  often 
bump  and  spirt  even  at  temjiemtures  far  abort  of  the  boiUng-poiiit, 

In  cases  where  the  solution  of  a  substance  is  attended  with  evohition 
of  giis,  the  process  is  eondxicted  in  a  Hank,  placed  in  a  sloping  position, 
that  the  spirting  drops  may  be  thrown  against  the  walls  of  the  vessel, 

thus  secured  from  being  carried  off  with  the  stream  of  the  evolved 
gAB;  or  it  may  be  conducted  in  a  beaiter,  covered  with  a  large-sized 
Wfttch'g1as8,  which,  after  the  solution  Ls  effected,  and  the  gas  exi*elled  by 
Kettiing  on  the  water-bath,  must  be  thoroughly  rinsed  wiUi  the  washing* 
'  tie. 
[In  caaes  where  the  solution  has  to  bo  effected  by  menns  of  concentrated 
Ol^tile  acids  (hydrochloric  acid,  nitnc  acid,  aqua  regia),  the  operation 
Bhould  never  be  conducted  in  a  dish,  but  always  in  a  Hask  covered  with 
A  wiitch-gbias,  or  placed  in  a  slanting  position,  and  the  application  of  too 
lu||h  a  temperature  must  be  avoided.  The  oi»eration  should  always  be 
C»»'  '   iLso  under  a  hood,  with  proper  draught,  to  can-y  off  the  es- 

C;*;  1  va|K»r8.     In  my  own  hiboratory,  I  u.se  for  the  hitter  pur|>ose 

«Jj  «:»  simple  contrivance  ;  a  leaden  pij^e,  permanently  fixed  in  a 

Oiir  iK>sition,  le^da  from  the  working  table  through  the  wall  or 

llw  witukiw-fraroe  into  the  opien  air.  The  end  in  the  laboratory  is  con- 
Dicted  with  one  of  the  mouths  of  a  two-necked  bottle  which  contains  a 
little)  water.  The  other  mouth  of  the  bottle  is  closed  with  a  perfoi'ated 
cork,  bearing  a  finnly-fixed  glass  tuhe  bent  at  a  right  angle  ;  the  portion 
of  the  tnl»e  which  enters  the  bottle  must  not  dip  into  the  WHten  The 
•oliltion^tiask  Wing  now  closed  ^-ith  a  perforated  ctu'k,  or  an  india-rub- 
b#T  cap,  b«!ahng  a  gloss  tube,  connected  Ijy  meana  of  india-iiibl>er  with 
thi>  b^t  tuhc  in  the  dotibled-necked  bottle,  the  vapors  evolved  are  car- 
lied  out  of  the  laboratory  without  the  least  inconvenience  to  the  operator ; 
r,  no  reeeding  of  fluid  upon  cooling  need  be  ai>prehended.  In- 
(of  conveying  the  vapors  away  through  a  tube  leading  into  the 

rSdr,  a  conical  gUa»-tube  filled  with  pieeea  of  broken  glass,  moist 
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onnci  with  water  or  Bolution  of  carbonate  of  soda,  may  be  fixed  on  the 
Hocond  mouth  of  the  double-necked  bottle.  I,  however,  prefer  the  other 
inothod.  In  fuirne  caw;H,  it  is  advisable  also  to  conduct  Uie  escaping  va- 
p(»nt  itiUi  H  little  water,  and,  when  solution  has  been  effected,  make  the 
watfir  remnle  by  withdrawing  the  lamp,  since  this  will,  at  the  same  time, 
Merve  to  dilute  the  solution ;  care  must  be  taken,  however,  to  guard 
a^airiNt  a  premature  receding  of  the  water  in  consequence  of  an  acci- 
dotiUil  codling  of  the  solution  flask. 

It  is  often  nec<mHary,  in  conducting  a  process  of  solution,  to  guard 
against  the  action  of  the  atmospheric  oxygen;  in  such  cases,  a  slow 
stream  of  (!arhonio  acid  is  transmitted  through  the  solution-flask ;  in 
Home  ciiMim  it  is  Hutllcit^nt  to  expel  the  air,  by  simply  first  putting  a  little 
bi<nirl>onat4t  of  soda  into  the  flask,  containing  an  excess  of  acid,  before 
introducing  the  substance. 

§  39. 
h.  Solution,  preceded  by  Fluxing. 

RulmtAnces  insoluble  in  water,  acids,  or  aqueous  alkalies,  usually 
rtHpiiiv  dooomposition  by  fluxing,  to  prepare  tliem  for  analysis.  Sub- 
HiamH^  of  this  kind  are  oft<m  met  with  in  the  mineral  kingdom;  most 
nilioattm,  the  sulphaU's  of  the  alkaline  earths,  chrome  ironstone,  &c., 
Ix^loug  to  tliis  oluMM. 

Tho  objoot  and  gouoral  features  of  the  process  of  fluxing  have  already 
Won  titMitod  of  in  tho  qualitative  part  of  the  present  work.  The  special 
luothodn  of  oouduoting  this  im|H^rtant  oj>eration  will  be  described  here- 
at^or  ut\dor  "Tho  aualysis  of  silioj^tos,''  and  in  the  proper  places;  as  a 
witislaotorv  vlosoription  of  the  prLH^sa,  'with  its  ^-arious  modifications, 
(^uuot  Nvoll  bo  ijivou  Nvithout  tutoring  more  minutely  into  the  particular 
oiivumstauiNvs  of  tho  st»voral  s|Hvial  castas, 

lKH>m\|HKsitiou  by  tluxiug  oltou  riMpiirt^s  a  higher  temperature  than  is 
attaiimblo  with  a  spirit-lamp  with  double  draught,  or  with  a  common 
gan  lauqv  \\\  siUoU  v^asti^ii,  the  gla;SiS!i^blower*s  lamp,  fed  with  gas,  is  used 
>*itU  ad\auta^t\ 

§  40. 

4,    1\>\VK«SU^N  or  TMK  1^15S\^I.V11D   SrBSTANCE  HTTO   A  WEIGHAALE   FORX. 

Hu^  xVUNxM'suxu  v^f  a  *uWtatx\v  in  a  state  of  j^^lucion  into  a  form  adapted 
f\M^  >*\^V<^^^»V>S  ^^^^"^  ^*^'  ctUvtt\l  ttntStt^r  bv  -T»i^w>rri*»cvi  or  bj  precipUatian. 
IV  t\MU\ot  xM'thx\«^*  v^jvrAtion*  is  A:n^Uv.^AbIe  v»alr  in  oaseswhere  the  sub- 
•(A^\\\  tho  >fcv^ht  x^t  >fchivh  >*o  art*  <i^rv»u*  to  aisv^rtsmu  either  exists 
aU»Av(^\  \i\  thx^  ^o*uu>*u  lu  ',h«*  to^tu  su;:Ab>  K>r  th«e  desermiziatioii  of  its 
>*vv<NU  v^v  uxs\>  \v  vv^iwvusl  iuvo  suvh  tVrt:i  by  ev»|KV»bUoa  in oonjunctioii 
>k\0\  MMuo  uv^j^^v.t,  ^^^^  >v-:u^iou  v,v,;st,  tu^wv-rC  cocdiin  the  substance 
wmmvsi,  x\*\  A«  U\ix!{^  u',-.v.\i  s-x*\  >fc,':ii  i^.a  KxbK  as  *c^  expelled  by 
v\a^sM,*Uvvu  vH  A5  A  i\M  Us\v5.  rv,:s  vc  u';,>:aeA>f .  A?  Aaoouat  of  siil|d&aie 
N^f  >nsU  ^v\\v«\^uv  \*,\  v.\  A;',^vvxs  sk-"u::.v.»  o«  :iu«  $cS»^ac<«  m^T  be  asoer- 
u^^UN\i^\  v>uu^V  o^rv-;*;;.v'. ;  >•-;<  :>^»  c^LKvcAae  oc  cvcisai  cotttained 
\u  N^  v.vuu>v\\  >*\'^i\»  NV^;vr  V  sVi-^vr'.vV,  \":i:o  ca'cnjie  o«  {wcaaBLtuiiy  by 
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aohxtion  odmita  of  being  converted  into  a  combination  wliich  ia  insoluble 
in  ihm  menstnium  present,  provided  that  the  pi-ecipitate  is  lit  for  deter* 
miiiation,  wLich  can  never  be  the  case  unless  it  can  be  woahed  and  lh  of 
ootistant  composition. 

§41. 

flk  Evaporation. 

In  processes  of  evaporation  for  pharmaceutical  or  tecbidco-chemical 
purposc»s  the  principal  object  to  be  considered  is  saving  of  time  and  fuel  j 
but  in  evaporating  processes  in  quantitative  analytical  reBe-arches  this  is 
mere! J  a  subtirdinate  point,  and  the  analyst  has  to  direct  his  principal 
care  and  attention  to  the  means  of  guariling  against  loss  or  contamina- 
tion of  tlie  substance  of)erated  upon. 

The  simplest  case  of  evaporation  is  when  ve  have  to  concent%*ate  a 
ti^ar^uUl,  without  cnrryinff  the  process  to  dryness.  To  effect  this  object, 
tiie  fluid  is  [K>urod  into  a  basin,  which  should  not  be  tilled  to  more  than 
two-thirdn.  Heat  is  then  applied  by  placing  the  basiji  either  on  a  water- 
bath »  fland-bath,  common  stove,  or  heated  iron  pkte,  or  over  the  flam© 
of  m  gias-  or  sfiirit-iamp,  care  being  taken  alwa^\s  to  guard  against  actual 
ebullition,  as  this  invaiiably  and  unavoidably  leads  to  loss  from  small 
firo|)3  of  fluid  spirting  out.  Evaporation  over  a  gas  or  spirit-lamp,  when 
conducted  with  projier  care,  is  an  expeditious  and  cleaidy  process.  BuN- 
SSX^S  gas-lamp  may  be  used  most  advantageously  in  ojx^mtions  of  this 
kind ;  a  little  wire-gtuue  cap,  loosely  fit  t4?d  upon  the  tube  of  the  lamp,  in 
a  tnalenal  imjirovement.  By  means  of  this  simple  arrangement  it  is 
easy  to  produce  wen  the  smallest  flame,  without  the  least  appreheiiBion 
of  ignition  of  the  ga^i  within  the  tube. 

If  tlie  evaporation  is  to  be  efl'ect^d  on  the 
water-bath,  and  the  operator  happens  to  possess 
a  Be[XL>okf,  or  other  similarly-constructed  steam 
afyparatus,  the  eva[Jorating-dish  may  be  placed 
flilDply  into  an  opening  coiTesponding  in  size. 
^Hhcrwifle  recourse  must  1m?  had  to  the  water-bath, 
illustrated  by  fig.  27. 

It  is  made  of  strong  sheet  copper,  and  when 
uapd  is  half  tilled  with  water,  which  is  kept  boiling  over  a  gas-,  spirit-,  or 
oil-Utnp*     The  breadth  from  a  to  6  should  be  from  12  to  18  cm.     Vari- 
ous flat  rings  of  the  same  outside  diameter  as  tho  top  of  the  bath,  and 
*aj>t<*d  to  receive  dishes  and  crucibles  of  diflerent  sizes,  are  essential 

|iiii€ta  to  the  bath.     These  rings  when  required  are  simply  laid  on  the 


It  will  occasionally  happen  that  the  water  in  the  bath  completely 
evajKirates ;  in  euch  cases,  residues  are  hf^Jited  to  a  higlier  degree  than  is 
ah\%  concentrated  solutions  spirt,  iVc.      To  avoid  these   ineorivo- 
,  a  water-bath  i^dth  constant  level  is  emjdoyed.     Such  a  batli  i?* 
^wn  in  fig.    ,  p.     ,  where  the  reader  will  find  its  description^ 
If  the  ofiej-ator  can  conduct  his  processes  of  evaporation  in  a  Boom  set 
afurt  for  the  [»ur|»ose,  where  he  may  easily  guard  against  any  oconn-ence 
tending  to  suspend  dust  in  the  air,  he  will  fincl  it  no  very  difficalt  tiisk  to 
kerp  t)»e  evaf»onitijig  fluid  clean  ;  in  tliis  case  it  ia  best  to  leave  the  dishes 
tmcovered.     But  in  a  large  laboratoiy,  frequented  by  man}^  people,  or  in. 
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Fig.  28. 


a  room  exposed  to  drauglite  of  air,  or  in  which  coal  fires  are  bumixi^tbe 
greatest  caution  m  required  to  protect  the  evi^Kiralixig  fluid  from  contami' 
nation  by  dust  or  aglies. 

For  this  puq>os«?  the  evaporating  dish  is  either  covered  with  a  sheet  of 
filtering-paper  turned  down  over  the  eilgea,  or  a  glass  rod  twisted  into  a 
triangular  shape  (fig.  28)  is  laid  upon  it^  and  a 
sheet  of  filte ring-paper  spcead  over  it,  which  is 
kept  in  position  by  a  glass  rod  hud  across,  the 
latter  again  being  kept  from  rolling  down  by  the 
slightly  turned  up  ends,  a  and  h^  of  the  triangle. 

The  Ixjst  way,  however,  is  the  following : — 
Take  two  small  thin  wooden  hoops  (fig.  29),  one 
of  which  fits  loosely  in  the  other ;  s]»read  a  sheet  of  blotting-paper  over 
the  smaller  one,  and  paah  the  other  over  it.  This  forms  a  cover  admimbly 
adapted  to  the  purpose;  and  whilst  in  noway 
interfeiing  witli  the  operation,  it  completely  pro- 
tects the  evaiKii-ating  fluid  from  dust,  mid  may 
be  rea<Uly  taken  oif ;  the  paper  cannot  dip  into  the 
FiiT  20*  fluid;    the    cover    lasts    a    long  time,  and   may, 

moreover,  at  any  time  be  easily  renewed. 
It  must  be  borne  in  mind,  however,  that  the  common  filtering-paper 
contains  always  certain  substancBs  soluble  in  acids,  such  as  lime^  sesqui- 
oxide  of  iron,  <tc.,  which,  were  covers  of  the  kind  just  described  used  over 
evaporating  dishes  containing  a  fluid  evolving  acid  va|K>r3,  would  infiillibly 
diasolve  in  these  vapors,  and  the  solution  dnpping  down  into  the  ev^o- 
rating  fluid,  would  sj>ecdil7  contaminate  it.  Care  must  be  taken,  there- 
fore, ill  such  cases^  to  use  only  such  filtering-paper  as  has  been  freed  by 
washing  from  Bubstanoes  soluble  in  acids. 

Evajioration  for  the  puqjose  of  concentration  may  be  efiected  ftlso 
in  flasks;  these  ai-a  only  half  filled^  and  placed  in  a  slanting  poeitiozL 
The  process  may  be  conducted  on  the  sand-bath,  or  over  a  gas-  or  spirit- 
lamp,  or  even,  and  with  equal  propriety,  over  a  charcoal  fire.  In  cases 
where  the  openition  is  conducted  over  a  lamp  or  a  charcoal  fire,  it  is  the 
safest  way  to  place  the  tla^ks  on  wire  gauze.  Gentle  ebullition  of  the 
fluid  can  do  no  haiui  licre,  bince  the  slanting  position  of  the  flask  guards 
eflectively  against  risk  of  loss  from  the  spirting  of  the  liquid.  Still  better 
than  in  flasks,  the  object  may  be  attained  by  evaporating  in  tubulated 
retorts  with  open  tubulure  and  neck  directed  obliquely  upwards.  The 
latter  acts  as  a  chimney,  and  the  constant  change  of  air  thus  etfected  is 
extremely  favorable  to  evaporation. 

The  evai»orution  ofjliiidji  vontwiing  a  precipitate  is  best  conducted  on 
the  water- bath  ;  einoe  on  the  aand-batlj,  or  over  the  lamp,  it  is  next  to 
impossible  to  guard  against  loss  from  bumping.  This  bumping  is  occa- 
sioned by  slight  explosions  of  steam,  arising  from  the  sediment  im^ieding 
the  uniform  dilFusion  of  the  heat.  Still  thei-e  remains  another,  though 
less  safe  way,  viz.,  to  conduct  the  evaporation  in  a  crucible  placed  in  a 
slanting  [losition,  as  illustnited  iji  fig.  30.  In  this  process,  the  fiame  is 
made  to  play  upon  the  crucible  above  the  level  of  the  fluid. 

VThere  ajluid  has  to  be  evaporated  to  dryne.My  as  is  so  often  the  case,  tihe 
operation  should  always,  if  possible,  be  terminated  on  the  water-bath.  In 
cases  where  the  nature  of  the  dissolved  substance  precludes  the  applica- 
tion of  the  water-bath,  the  object  in  view  may  often  be  most  readily 
attained  by  heating  the  contents  of  the  dish  from  the  top,  which  is 
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dfiseted  bj  f>I]%ciiig  the  dish  in  a  proper  position  in  &  drjing  cloMi,  vlioae 

.....  -  , !  ^..  ^  heated  by  a  flame  (that  of  the  water-  or  sand-bath)  paaaing 

lie  substance  is  in  a  covered  platinum  dish  or  crncihlo,  place  the 

»-uuup  ui  such  a  pofiition  that  the  flatiiG  may  act  on  the  cover  from  above. 
MRS  where  the  heat  has  to  be  applied  j. 

I  the  bot^tom,  a  method  muiit  be  chosen  H 

^hieh  aiimits  of  an  (n\u&l  diflTusion  and  ready 
f  the  beat, 

1 1  h  is  well  adapted  for  this  purpose, 
~%f.,^  H  *iiiih  of  iron  plate,  in  which  the  poFcelalo 
or  platinum  dish  is  to  be  placed  on  a  wire  tri- 
ingle,  so  that  the  two  vefisela  may  be  at  all 
taints  i  to  j^  inch  distant  from  each  other. 
The  copper  apj>aratus,  fig.  27,  may  also  serve 
as  on  air-bath,  although  I  must  not  omit  to 
mentiofl  that  thia  modo  of  application  will  in 
the  end  seriously  injure  it.  If  the  operation  has 
tobeoondueted  over  a  lamp,  the  diah  should  be 
placed  high  above  the  flame;  beat  on  wire 
paai^  since  Urn  will  greatly  contribute  to  an 
eqiial  diffusion  of  the  heat.     Tlie  use  of  the  Fig.  30. 

Aod-bath  is  objectionable  here,  because  with 

that  apparatus  we  cannot  reduce  the  heat  so  spet»dilj  m  mmy  bo  ikaira 
ble.  An  iron  plate  heated  by  gas  may  perhaps  be  used  with  ttdnotflgpf. 
But  no  matter  which  method  be  employed,  ihit  rule  ipfibai  €M|«dlj  t^* 
all  of  them  ;  that  the  operator  must  watch  the  prooeM^  mm  iht  moownt 
tlut  the  residue  begins  to  thicken,  in  order  to  prevent  cpirtuig,  bj  redu' 
emg  the  heat,  and  breaking  the  pellicles  which  form  on  the  wtHboe^  vitli 
&  gk^  rod^  or  a  platinum  wire  or  spatnlA. 

Saline  Molutions  that  have  a  tendency ^  upon  their  eoa^otoralKm,  to  OPtm 
up  the  gufe^  of  the  vesitel,  and  may  thus  finally  pass  over  t2»e  btm  of  Im 
Utter,  thereby  involving  the  risk  of  a  loss  of  substauoe,  «hoi|lld  be  hMlwl 
from  the  top,  in  the  way  just  indicated;  since  by  that  mtWM  tiwr  MiAtm 
of  the  vessel  will  get  heated  sufficiently  to  catiiie  the  uiiteatBimMMi  €!▼■»- 
omtion  of  the  ascending  liquid,  preventii^  tiiiis  iti  cnretflowtag  imm 
brim.  The  inconvenience  just  alluded  to  may,  however,  be  obfialod 
tlfto,  in  most  cases,  by  coveiing  the  brim,  and  the  uppmoont  put  tft^km 
in&er  side  of  the  vessel^  with  a  very  thin  coat  of  tallow,  tlnu  ^■■*t«ptA. 
lug  the  adhesion  between  the  fluid  and  the  vessel. 

In  the  ease  of  liquU^t  evolvintf  (^oB^mMet  tipon  eoaporaUng^  potieo' 
Ui-  aration  is  required  to  guard  against  lo«i  from  spirlQig.  The  aaftjsi 
w&y  ia  to  heftt  such  liquids  in  an  ^  placed  flaak,  or  in  a  bemk«fr 

cmred  with  a  large  watch^lass;  <:  x  is  removt^d  an  soon  aa  the 

fTolution  of  gas-bubbles  has  ceased,  and  tba  iitid  fhtX  wmf  bitva  w^^iMtmi 
vpsgainst  it  is  carefully  rinsed  into  the  gban^  hj  mesas  of  ft  viahiiiff ' 
iottj^.  If  the  evaporation  has  to  be  conducted  m  %  likfc,  a  rath#^r 
ttfadoos  one  should  be  selected,  and  a  very  modent^  dsyes  of  be&i  sf*- 
filial  st  firsts  and  until  the  evolution  of  gas  has  nearly  ceased* 

if  a  fluid  has  to  be  ev^>orated  unili  aedudon  of  ait ^  tbe  bsst  way  la 
to  plAce  the  dish  under  the  bell  <yf  an  m-^nsm^  over  a  tcbssI  wUb  std* 
pfaurie acid,  and  to  exhaust;  or  a  tubulated  retort  may  be«ned,iliroitf(;h 
^Hiflse  tubulore  hydrogen  or  carbonic  acid  is  passed  faj  the  «£d  of  ft  tab« 
not  qa^  rotchfni;  to  tba  nadaoe  of  the  fittid* 
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f  ^  die  etnapantmg  wmeU  maj  eocirebe  a  mudi  greater 
t  on  the  resnltv  of  an  siibIjm  ifaan  is  gawnlly  believed.    Many 
'  sUtftliiig  pfacnomniA  tiuit  sre  ofeMWud  in  anmljtical  processes  maj 
»  flmpij  fiW  •  eoBl—nKHop  of  tlie  e^mpomted  liquid  by  the 
rial  of  tbo  retml ;  great  erron  may  also  apniig  from  the  same  source. 

The  iin[>ortaDoe  of  tiiia  pocst  lias  induced  me  to  subject  it  to  a  searcl 
ing  investigation  (see  Appendix,  Analytical   Experiments,   1 — 4), 
which  I  wiH  h«re  brieflj  intimate  the  rcamlt& 

Distilled  wai^  kept  botling  for  aome  length  of  time  in  glass  (flasks 
Bohemum  glass)  diasolTes  very  appreciable  traces  of  that  material.  I'his 
is  owing  to  the  fbrmation  of  soluble  silicates ;  the  particles  dissolvtHi 
oonsifct  chiefly  of  potassa,  or  eoda  and  lime,  in  combinatioTi  with  siUeic 
acid.  A  much  larger  propiortion  of  the  glass  is  dissolved  by  water  contain- 
ing caustic  or  carbonated  alkali  ;  boiling  solution  of  chloride  of  ammo- 
nium also  strongly  attacks  ^asa  vessels.  Boiling  dilute  acids,  with  the 
exception,  of  course,  of  hydrofluoric  and  hydrofluosilicio  adds,  exercise  a 
less  powerful  solvent  action  on  glass  than  pure  water.  Porcelain  (Berlin 
dishes)  is  mudi  less  affiscted  by  water  than  glass ;  alkaline  liquids  ahio  ex- 
ercise a  less  powerful  solvent  action  on  porcelain  than  on  glass ;  the 
quantity  dissolved  is,  however,  still  notable.  Solution  of  chloride  of  am- 
monimn  acts  on  {>oroelain  as  strongly  as  on  glass;  dilute  acids,  though 
exercising  no  very  powerful  solvent  action  on  porcelain,  yet  attack  that 
material  more  strongly  than  glass.  It  results  from  these  data,  that  in 
analysca  pretending  to  a  high  degree  of  accuracy,  platinum  or  platinum- 
iridium  or  silver  dishes  should  always  be  preferred.  The  former  may 
be  used  in  all  cases  where  no  free  chlorine,  bromine,  or  iodine  is  present 
in  the  fluid,  or  can  be  formed  during  eva|Kiration.  Fluids  containing 
cattstic  alkalies  may  safely  be  evaporated  in  platinum,  but  not  to  the 
point  of  fusion  of  the  residue.  Silver  vessels  should  never  be  used  to  evap 
orate  acid  fluids  nor  liquids  containing  alkaline  sulphides ;  but  they  are 
admirably  suited  for  solutions  of  caustic  and  carbonated  alkalies,  as  well 
as  of  most  neutral  salts. 

§42. 

We  come  now  to  weighing  the  residues  remaining  upon  the  evajxh 
rcUion  of  fiuiih.  We  allude  here  simply  to  such  as  are  soluble  "  ^ 
water ;  those  which  are  seimrated  by  iilti-atiou  will  be  treated  of  afterwards. 
flesidues  are  generally  weighed  in  the  same  vessel  in  which  the  evaporation 
lias  been  campletjjd,  for  which  purpose  piatiniun  dishes,  from  4  to  8  cm,  in 
diauinter,  provitled  with  light  covei-s,  or  large  plati- 
num crucibles,  are  best  adapted,  since  they  are 
lighter  than  porcelain  vessels  of  the  same  capacity. 
However,  in  most  cases,  the  anioimt  of  liquid 
to  he  evapoi-ated  is  too  large  for  so  small  a  vessel, 
aud  its  evaporation  in  portions  would  occupy  too 
much  timo.  The  best  way,  in  cases  of  this  kind, 
is  to  concentrate  the  liquid  first  in  a  larger  vessel, 
and  to  tejininate  the  operation  afterwards  in  the 
smaller  weighing  vessel. 

Li  transferring  the  fluid  from  the  larger  to  the 
smaller  vessel,  the  lip  of  the  former  is  slightly 
greased,  and  the  liquid  made  to  run  down  a  glass  rod.    (See  fig.  31,) 
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KimJIj  ib»  large  iressel  is  carefully  rinfled  witii  a  waahing-botUe,  until  a 
drop  of  the  last  xiiifliiig  leaves  no  longer  a  residue  upon  evi^ration  on  a 
l^atinnm  knile.  When  the  fluid  has  thus  been  transferred  to  the  weigh- 
ing-vcsDel,  the  evaporation  is  c(»npleted  on  the  water-bath  and  the  resi- 
dnaiy  sufastanoe  finally  ignited,  provided,  of  course,  it  will  admit  of  this 
ptoeeas.  For  this  purpose  the  dish  is  covered  witii  a  lid  <^  thin  plati- 
num (or  a  thin  ^ass  plate),  and  then  placed  high  over  the  flame  of  a 
lamp,  and  heated  very  gently  until  all  the  water  which  may  stUl  adhere 
to  the  substance  is  expelled ;  the  dish  is  now  exposed  to  a  stronger,  and 
finally  to  a  red-heat  (Where  a  glass  plate  is  used,  this  must,  of  course, 
be  removed  before  igniting.)  In  this  case  it  is  also  well  to  make  the 
play  obliquely  on  the  cover  from,  above,  so  as  to  run  as  little  risk 
'ble  of  loss  by  spirting.  After  cooling  in  a  desiccator,  the  covered 
is  wei^ied  with  its  contents.  When  operating  upon  substances 
which  dearepitate^  sudi  as  chloride  of  sodium,  for  instance,  it  is  advisa- 
ble to  expose  them — after  their  removal  from  the  water-bath,  and  pre- 
viously to  the  application  of  a  naked  flame — ^to  a  temperature  somewhat 
above  ICX^,  either  in  the  air-bath,  or  on  a  sand-bath,  or  on  a  common 
■love. 

If  the  residue  does  not  admit  of  ignition,  as  is  the  case,  for  instance, 
with  orguac  substances,  ammoniacal  salts,  dbc.,  it  is  dried  at  a  tempera- 
tmne  suited  to  its  nature.  In  many  esses,  the  temperature  of  the  water- 
belk  is  sufficiently  hi^  for  this  purpose,  for  the  drying  of  chloride  of  am- 
mffnimn,  for  instance ;  in  others,  the  air  or  oil-bath  must  be  resorted  to. 
(S^^  §§  ^  *iMi  30.)  Under  any  circumstances,  the  desiccation  must  be 
continued  until  the  substance  ceases  to  sufier  the  slightest  diminution 
in  weif^t,  after  renewed  exposure  to  heat  for  half  an  hour.  The  dish 
should  invariably  be  covered  during  the  process  of  weighing. 

Iff  aa  will  frequently  hiq^pen,  we  have  to  deal  with  a  fluid  containing 
a  SBDHdl  quantity  of  a  salt  of  potassa  or  soda,  the  weight  of  whidii  we 
want  to  aaoertain,  in  presence  of  a  comparatively  large  amount  of  a  salt 
of  MtitmitiU^  which  has  been  mixed  with  it  in  the  course  of  the  analytical 
prooeas,  I  prefer  the  following  method :  The  saline  mass  is  thoroughly 
dried,  in  a  large  dish,  on  the  water4)atli,  or,  towards  the  end  of  the  pro- 
cess, at  a  temperature  someidiat  exceeding  100''.  The  dry  mass  is  then, 
with  the  aid  of  a  platinum  qiatula,  transferred  to  a  small  glass  dish, 
wUdi  is  put  aside  for  a  time  in  a  desiccator.  The  last  traces  of  the 
asH  left  adhering  to  the  sides  and  bottom  of  the  large  dish  are  rinsed  off 
with  a  little  water  into  the  small  dish,  or  the  large  crucible,  in  wbich  it 
is  hrtwided  to  wei^  the  salt ;  the  water  is  then  evaporated,  and  the  dry 
eoBtentaof  the  gjbss  dish  are  added  to  the  residue:  the  ammonia  salts 
ace  BOW  expdled  by  ignition,  and  the  residuary  fixed  salts  finally  weighed. 
flhoold  some  traoea  of  the  saline  mass  adhere  to  the  smaller  glass  dish, 
tkey  oog^  to  be  nmoved  and  transferred  to  the  wei^iing  vessel,  with 
the  aid  of  a  little  pounded  chloride  of  ammonium,  or  some  other  salt 
of  SBBsania,  aa  the  moistening  again  with  water  would  involve  an  almost 
eertaiakasof  wbatsnre. 

§43. 

b.  Prbcifitatios. 

1  resorted  to  in  quantitative  analysis  fer  more  frequentiy 
I  it  serves  not  merely  to  convert  substsnces  into 


04  OPERATIOKS.  [§  4S. 

forms  adapted  for  weighing,  but  also,  and  more  espedallj,  to  neparate 
them  from  one  another.  The  principal  intention  in  precipitation,  for  the 
purpose  of  quantitative  estimations,  is  to  convert  the  substance  in  solu- 
tion into  a  form  in  which  it  is  insoluble  in  the  menstruum  present. 
The  result  will,  therefore,  cccteris  parilms,  be  the  more  accurate,  the 
more  the  precipitated  body  deserves  the  epithet  insoluble,  and  in  cases 
where  precipitates  are  of  the  same  degree  of  solubility,  that  one  will 
suffer  the  least  loss  which  comes  in  contact  with  the  snudlest  amount  of 
solvent. 

Hence  it  follows,  first,  that  in  all  cases  where  other  circumstances  do 
not  interfere,  it  is  preferable  to  precipitate  substances  in  their  most  inso- 
luble form ;  thus,  for  instance,  baryta  had  better  be  precipitated  as  sol- 
phato  than  as  carbonate ;  secondly,  that  when  we  have  to  deal  with  pre- 
cipitates that  are  not  quite  insoluble  in  the  menstruum  present,  we  must 
endeavor  to  remove  that  menstruum,  as  fisir  as  practicable,  by  evapora- 
tion ;  thus  a  dilute  solution  of  strontia  should  be  concentrated,  before 
proceeding  to  precipitate  the  strontia  with  s\ilphuric  acid ;  and,  thirdly, 
that  when  we  have  to  deal  with  precipitates  slightly  soluble  in  the  liquid 
present,  but  insoluble  in  another  menstruum,  into  which  the  former  may 
bo  converted  by  the  addition  of  some  substance  or  other,  we  ought  to 
endeavor  to  bring  about  this  modification  of  the  menstruum.  Thus,  for 
instance,  alcohol  may  be  added  to  water,  to  induce  complete  precipita- 
tion of  chloride  of  platinum  and  ammonium,  chloride  of  lead,  sulphate 
of  limo,  <J£c. ;  thus  again,  the  basic  phosphate  of  magnesia  and  ammonia 
may  bo  rendered  insoluble  in  an  aqueous  menstruum  by  adding  anmionia 
to  the  latter,  &c. 

Precipitation  is  generally  eflfected  in  beakers.  In  cases,  however, 
wlioro  we  have  to  precipitate  from  fluids  in  a  state  of  ebullition,  or 
wluM'o  the  precipitate  requires  to  be  kept  boiling  for  some  time  with 
the  fluid,  flasks  or  dishes  are  substituted  for  beakers,  with  due  n^ard 
alwayH  to  the  material  of  which  they  are  made  (see  Evaporation,  §  41, 
at  the  end). 

'V\w  H(»])uration  of  precipitates  from  the  fluid  in  which  they  are  sua- 
poudod,  is  oirected  either  by  decantation  or  filtration^  or  by  both  these 
prootmHCH  jointly.  ]^ut,  before  proceeding  to  the  separation  of  the  pre- 
oi])it:ite  by  any  of  these  methods,  the  operator  must  know  whether  the 
preci])it4iT)t  hoa  boon  added  in  suflicient  quantity,  and  whether  the  pre- 
cipitate is  coiuplotely  formed.  To  determine  the  latter  point,  an  accurate 
ktiowhulge  of  the  ]>ropertics  of  the  various  precipitates  must  be  attained, 
whioli  wo  hIuiU  ondoavor  to  supply  in  the  third  section.  To  decide  the 
forinor  (]\u»Hti(>ii,  it  ivS  usually  suflicient  to  add  to  the  fluid  (after  the  pre- 
oipitiit'f^  liUH  Hot  tied)  cautiously  a  fi-esh  iwrtion  of  the  precipitant,  and  to 
iu)t(»  if  a  further  turbidity  ensues.  This  test,  however,  is  not  infidlible, 
wlitMi  tho  piH»oipit4it^»  has  not  the  property  of  forming  immediately;  as, 
for  iiiNtnuoo,  is  tlio  ouso  with  phosplio-molybdate  of  ammonia.  When  this 
is  n]>prohoudod,  pour  out  (or  transfer  with  a  pipette)  a  small  quantity 
of  tlio  oltMir  Hupt^rnatnnt  fluid  into  another  vessel,  add  some  of  the  pre- 
oipitunt,  wuruu  if  iiooossjirv  ;  ami  after  some  time  look  and  see  whether 
a  In^sli  pivoipitnto  Ims  fonuod.  As  a  ginioi-al  rule,  the  precipitated  liquid 
nhould  Ih>  ulloNvod  to  stand  at  n^st  for  several  hours,  before  proceeding  to 
tho  Hopanitiou  of  tho  pixvipitato.  Tliis  rule  applies  more  particularly 
to  orvKtnllino,  pulvorulout,  and  gi^latiuous  precipitates,  whilst  curdy  and 
floiHuilont  procipitateoi  more  particularly  when  the  precipitation 
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e6BM3te<d  at  a  boiling  temperature,  mar  often  be  filtered  off  immediately. 
However,  we  must  obsen^e  here,  that  all  general  rules,  in  this  respect, 
are  of  limited  appLLcation. 

§44. 

«•   SePABATIOX   of  PRKCIPITATES   BY   DeCANTATION. 

Wlien  a  precipitate  subfiides  so  completely  and  speedily  in  a  fluid  that 
tlws  latter  may  be  decanted  off  perfectly  cleiir,  or  drawn  otF  with  a 
syplioo,  or  removed  by  means  of  a  pipette,  and  that  the  washing  of  the 
precipitate  does  not  ret^uire  a  very  long  time,  decantation  is  often  resorted 
U>  for  ita  separation  and  washing ;  tlda  ia  the  case,  for  instance,  with 
^loride  of  silver,  metallic  mercuiy,  *kc. 

DecRiitation  will  alwaya  he  found  a  very  expeditious  and  accurate 

tho<l  of  separation,  if  the  process  be  conducted  witb  due  care ;  it  is 
^^v-irv,  however,  in  moat  casea^  to  promote  tlie  speedy  and  complete 
gtti  nt  the  precipitate ;  and  it  may  be  hiid  down  as  a  general  rule, 

til  a  ig  the  precipitate  with  the  fliiiil  will  produce  the  desired  effect. 

Ncvortiieless,  there  are  instances  in  wliich  the  niraple  aj>plieation  of  beiit 
will  not  suffice ;  in  some  cases^  as  with  chloride  of  silver,  for  instance, 
^^•ptatiou  must  be  resorted  to;  in  other  cases,  some  reagent  or  other  ia 
fc  be  added — hydrochloric  add,  for  instance,  in  the  precipitation  of  mer- 
cury, etc.  We  shall  have  occasion,  subBequently,  in  the  fourth  section, 
jgjtocuss  this  point  more  fuDy,  when  wo  shall  also  mention  the  vessek 
MiBd*P^d  ^or  the  application  of  this  process  to  the  vai-ions  precipitates. 

After  haWng  wa.shed  ibe  pn-eipitttte  repeatedly  with  fresh  qnaiitities 
of  the  proper  fluid,  until  there  is  no  trace  of  a  dissolved  .NubNtauce  to  be 
detected  in  the  last  rinsings,  it  is  pkced  in  a  crucible  or  dish,  if  not 
already  in  a  vessel  of  that  description  ;  the  fluid  still  adhering  to  it  ia 
poured  off  os  far  a-s  jiracticablo,  an*!  the  ]ireei]>itate  ia  tlxen,  according  to 
its  nature,  either  simply  drie<l,  or  heated  t^j  redness, 

A  fiur  larger  amount  of  water  being  required  for  washing  pi'ecipitatea 
by  de<aLntatioii  than  on  filters,  the  former  process  can  be  expected  to 
3ri<?ld  atcurat^.  results  only  where  the  precipiUites  are  ahmluidy  in- 
soluifle^  For  the  same  reason,  decantation  is  not  ordinaiily  resorted  to 
in  CAnes  where  we  have  to  determine  other  constituents  in  the  decanted 
ilaid. 

^  The  decanted  fluid  must  be  allowed  to  stand  at  rest  from  twelve  to 
fippv.t.  _r,..,r  houi-s,  to  make  quite  sure  that  it  contains  no  particlea  of 
t|j  ate  ;  if,  after  the  lapse  of  this  time,  no  precipitate  is  visible, 

i.uHi  niiiy  l>e  thrown  away;  but  if  a  precipitate  ha«  subsided,  this 
better  be  estimated  by  it.self,  and   the  weight  added  to  the  main 
>nnt;  the   precipitate  may,  in   such    cases,  l)o   separated  from  the 
itant  fluid  by  decantation,  or  by  filtration. 


§45. 

^.  Beparatiox  op  Peecipitates  by  Filtration. 

■  This  openition  is  resorted  to  whenever  decantation  ia  impracticable, 
},  consequently,  in  the  great  mujority  of  cases;  provided  always  the 
cipitate  ia  of  a  nature  to  admit  of  its  being  completely  fi'^ed,  by  mere 
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waslimg  on  the  filter,  from  all  foreign  Bubstanoes.  Where  this  is  not 
the  CBAe,  more  particularly,  therefore,  with  gelatinous  precipitates,  hy- 
drate of  alumina  for  instance,  a  combination  of  decantation  and  filtni- 
tion  is  resorted  to  (§  48). 

aa.  Filtering  Apparatus. 

Filtration,  as  a  process  of  quantitative  analysis,  is  almost  exclusively 
efiected  by  means  of  paper. 

Plain  circular  filters  arc  most  generally  employed  ;  plaited  filters  are 
only  occasionally  used.  Much  depends  upon  the  quality  of  the  paper. 
Qood  filtering-paper  must  possess  the  three  following  properties: — 1. 
It  must  completely  retain  the  finest  precipitates ;  2.  It  must  filter  rap- 
idly ;  and  3.  It  must  be  as  free  as  possible  from  any  admixture  of  inor- 
ganic bodies,  but  more  especially  from  such  as  are  soluble  in  acid  or 
alkaline  fluids. 

It  is  a  matter  of  some  difficulty,  however,  to  procure  paper  fully  an- 
swering these  conditions.  The  Stvedish  filtering  paper^  with  the  water- 
mark J.  H.  MuNKTELL,  is  Considered  the  best,  and,  consequently,  fetches 
the  highest  price ;  but  even  this  answers  only  the  first  two  conditions, 
being  by  no  means  sufficiently  pure  for  very  accurate  analyses,  since  it 
leaves  u]M)n  incineration  about  0*3  percent,  of  ash,*  and  yields  to  acids 
perceptible  traces  of  lime,  magnesia,  and  sesquioxide  of  iron.  For  exact 
ox|)oriments  it  is,  consequently,  necessary  first  to  extract  the  paper  with 
dilute  hydrochloric  acid,  then  to  wash  the  acid  completely  out  with 
water,  and  finally  to  dry  the  paper.  In  the  case  of  very  fine  filtering- 
paper,  the  lx«t  way  to  i)erform  this  operation  lb  to  place  the  ready-cut  fil- 
tora,  several  together,  in  a  funnel,  exactly  the  same  way  as  if  intended  for 
iiniuoiliute  filtration ;  they  are  then  moistened  with  a  mixture  of  one  part 
of  onlinary  pure  hydrochloric  acid  with  two  parts  of  water,  which  is  al- 
lowtnl  to  act  on  them  for  about  ten  minutes;  after  this  all  traces 
of  the  ac'id  are  carefully  removed  by  wasliing  the  filters  in  the 
funnel  repeatiHlly  with  warm  water.  The  funnel  being  then  covered 
with  a  pitHV  of  jMiper,  turned  over  the  edges,  is  put  in  a  warm  place  un- 
til the  filters  are  dry.  Comi>are  the  instruction  given  in  the  **  QuaL 
Anul.,"  Am.  Ed.,  \\  8,  on  the  preparation  of  washed  filters.  Filter  paper 
containing  lead,  and  which  is  consequently  blackened  by  sulphuretted 
hydroj^»n,  Hhould  Ih^  n»jwted. 

UtMulv-out  filt<n*s  of  various  sizes  should  always  be  kept  on  hand. 
Filt*>i*s  are  either  cut  by  circular  |>attems  of  pasteboard  or  tin,  or,  still 

better,  by  Mohr^s  filter-patterns, 
Ickg,  32.  This  little  apparatus  is 
made  of  tin-plate,  and  oonaists  of 
two  parts.  7?  is  a  quadrant  fit- 
ting in  Ay  whose  straight  edges 
are  turned  up,  and  whi<£  is  slight- 
ly smaller  than  7?.  The  sheets  of 
tiltor-paper  are  first  cut  up  into 
""V-  «^3.  stpiares,  which  are  folded  in  quar- 

*  rUntantour  ^nind  tho  ash  of  Swodi»h  filtering  paper  to  oonaiBt  of  63*88  sQi- 
o{o  noM,  pj  Hit  lime,  0  ril  mo^esia,  2  9i  alumina,  and  18-93  aasqnioxide  of  iron, 
in  IW)  part*.  ^^  ' 


§«.l 


ITLTBATIOir. 


57 


ter%  and  plax^d  in  A ;  then  J^  is  placed  oo  the  top,  and  the  free  edge 
of  tlje  paper  is  cut  off  udth  scissors.  Filtei-s  cut  in  this  way  are  perfectly 
circular^  and  of  e^^uiil  size. 

Sievisml  pairs  of  iliese  patterns  of  various  akes  (3,  4,  5^  6,  6^5,  and  8 
cm*  radius)  sbouM  be  procured.  In  t-aking  a  filter  for  a  given  opei-a- 
tion,  jou  should  always  choo«e  one  whicli^  after  the  fluid  has  nm 
ihrougli,  will  not  be  moi-e  than  half  tilled  with  the  prcci|>itate. 

Aa  to  the  funnels^  they  shoidd  be  inclined  at  the  angle  of  60",  and 
Bat  bulge  at  the  sides.     Glass  is  the  most  suitable  material  for  them. 
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Hie  filter  should  never  protrude  beyond  the  funneh  It  should  com© 
up  to  one  or  two  lines  from  the  etlge  of  the  Litter. 

The  filter  is  firmly  pressed  into  tlie  funnel,  to  ujake  the  paper  tit  closely 
to  the  bide  of  the  latter  ;  it  is  then  moistened  with  water ;  any  extm  water 
ia  n<*t  iK)xired  out,  but  allowed  to  drop  through. 

The  Btands  shown  in  figs,  33  and  34  complete  the  apparatus  for  filter- 
ing. 

pHie  stand  in  fig,  $4  serves  at  once  as  support  for  the  iiinnel  and 
ftver  fc»r*  the  receiving  ve43seL  The  funnel  is  sustained  by  a  ring  of  wood 
Tsuch  height  that  only  the  neck  of  the  funnel  comes  below  the  shelf. 
The  slielf  is  10  cnu,  and  the  ring  15  cm.  thick.  The  opening  of  the  ring 
above  is  30  cm.] 

The  stands  are  made  of  hai-d  wood.  The  arm  holding  the  funnel  or 
fmmels  must  shde  easily  up  and  down,  and  be  fi^xablo  by  the  screw. 
The  holes  for  the  fuimels  must  be  cut  conicaUy,  to  keep  the  fuimels  steadily 
in  iheir  place. 

lliese  stands  are  vefy  convenient,  and  may  be  readily  moved  about 
without  interfering  with  the  operation. 
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§46. 
hb.  Rules  to  be  observed  in  the  Process  of  Filtration. 

In  the  case  of  curdy,  flocculent,  gelatinous,  or  crystalline  precipitates 
there  is  no  danger  of  the  fluid  passing  tui-bid  through  the  filter.  But 
with  fine  pulverulent  precipitates  it  is  generally  necessary ^  and  always 
advisahle^  to  let  the  precipitate  subside,  and  then  filter  the  supernatant 
liquid,  before  proceeding  to  place  the  precipitate  upon  the  filter.  We 
generally  proceed  in  this  way  also  with  other  kinds  of  precipitates,  espe- 
cally  with  those  that  require  to  stand  long  before  they  completely  separate. 
Precipitates  which  have  been  thrown  down  hot,  are  most  properly  filtered 
off  before  cooling  (provided  always  there  be  no  objections  to  this  course), 
since  hot  fluids  run  through  the  filter  more  speedily  than  cold  ones.  Some 
precipitates  have  a  tendency  to  be  carried  through  the  filter  along  with  the 
fluid  ;  this  may  be  prevented  in  some  instances  by  modifying  the  latter. 
Thus  sulphate  of  baryta,  when  filtered  from  an  aqueous  solution,  passes 
rather  easily  through  the  filter — the  addition  of  hydrochloric  acid  or 
chloride  of  ammonium  prevents  this  in  a  great  measure. 

If  the  operator  finds,  during  a  filtration,  that  the  filter  would  be  much 
more  than  half  filled  by  the  precipitate,  he  would  better  use  an  additional 
filter,  and  thus  distribute  the  precipitate  over  the  two  ;  for,  if  the  first 
were  too  full,  the  precipitate  could  not  be  properly  washed. 

The  fluid  ought  never  to  bo  poured  directly  upon  the  filter,  but  always 
down  a  glass  rod,  and  the  lip  or  rim  of  the  vessel  from  which  the  fluid  is 
poured  should  always  be  slightly  greased  with  tallow.*  The  stream 
ought  invariably  to  be  directed  towards  the  sides  of  the  filter,  never  to 
the  centre,  since  this  might  occasion  loss  by  splashing.  In  cases  where 
the  fluid  has  to  be  filtered  off,  with  the  least  possible  disturbance  of  the 
precipitate,  the  glass  rod  must  not  be  placed,  during  the  intervals,  in  the 
vessel  containing  the  precipitate ;  but  it  may  conveniently  be  put  into 
a  clean  glass,  which  is  finally  rinsed  with  the  wash- water. 

The  filtrate  is  received  either  in  flasks,  beakers,  or  dishes,  according  to 
tlie  vaiious  purposes  for  which  it  may  bo  intended.  Strict  care  should  be 
taken  that  the  drops  of  fluid  filtering  through  glide  down  the  side  of  the 
receiving  vessel ;  they  should  never  be  allowed  to  fall  into  the  centre  of 
the  filtrate,  since  this  again  might  occasion  loss  by  splashing.  The  best 
method  is  that  shown  in  lag,  34,  viz.,  to  rest  the  point  of  the  funnel  against 
the  upper  part  of  the  inside  of  the  receiving  vessel. 

If  the  process  of  filtration  is  conducted  in  a  place  perfectly  free  from 
dust,  there  is  no  necessity  to  cover  the  funnel,  nor  the  vessel  receiving  the 
filtrate ;  however,  as  this  is  but  rarely  the  case,  it  is  generally  indispensable 
to  cover  both.  Tliis  is  best  oftected  'with  round  plates  of  sheet-glass. 
The  plate  used  for  covering  the  receiving  vessel  should  have  a  small 
U-shaped  piece  cut  out  of  its  edge,  large  enough  for  the  funnel-tube  to 
go  through.  The  effect  desired  may  be  produced  by  cautiously  chipping 
out  the  glass  bit  by  bit  with  the  aid  of  a  key.  Plates  perforated  in  the 
centre  are  worthless  as  regards  the  object  in  view. 

After  the  fluid  and  precij^itat^  have  been  transferred  to  the  filter,  and 
the  vessel  which  originally  contained  them  has  been  rinsed  repeatedly  with 

*  The  tallow  may  be  kept  under  the  edgo  of  the  work-table  at  a  oonvenient 
point)  where  it  will  adhere  by  a  little  pressure.  The  best  way  of  appljhig  the 
tallow  to  the  lip  of  a  vessel  is  with  the  greased  finger. 
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w&ier,  it  happeziB  general]/  thai  exoAll  p&riicl^  of  the  precipitate  remain 
■dhmirg  to  the  Teasel,  wiucb  cannot  be  retDoved  with  the  glan  rod.  From 
bttken  or  dtahea  theee  partadea  may  be  readily  remoyed  by  means  of  a 
'  prepared  for  the  purpose  by  tearing  off  nearly  the  whole  of  the 
atllaa,  leaving  only  a  small  piece  at  the  end  which  should  be  cut  per* 
lly  straight.  From  fiaskB,  minute  portions  of  heavy  precipitates  which 
09  not  adherent,  are  readily  removed  by  blowing  a  jet  of  water  into  the 
fttk,  held  inverted  over  the  funnel ;  thbi  is  etfect^^d  by  mc^na  of  the 
'vwhing-bottle  shown  in  fig.  36.  If  the  minute  adhering  particles  of  a 
pnicipitate  caimot  be  removed  by  mechanicHl  means,  solution  in  an 
tppropriate  menstruum  must  be  resorted  to,  followed  by  re*precipitation. 
B<Miiei  for  which  we  po6.5e&s  no  solvent,  such  as  sulphate  of  baryta,  for 
iostanee,  mu^t  not  be  precipitated  in  flasks. 

§  47. 
cc.  Washing  or  Precipitates. 

Alter  having  transferred  the  precipitate  completely  to  the  filter,  wm 
bivenext  to  perform  the  operation  of  washing  ;  this  is  effected  by  maana 
ofoDe  of  the  well-known  washing^bottles^  of  which  I  prefer  the  one 
represented  in  &g.  35  in  t  very  respect.     The  doubly  perforated  stoppem 

^  of  vulcanised  rubtjer. 
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>  must  always  be  taken  to  properly  regulate  the  jet,  as  too  inipetu- 
I  a  stream  of  water  might  occasion  loss  of  substance. 
In  cases  where  a  precipitate  has  to  be  washed  with  great  caution,  the 
>f>pftrstus  illustrated  in  tig,  37  will  be  found  to  answer  very  well. 
t  The  construction  of  this  apparatus  requires  no  explanation.     \Vlien 

!  flask  is  inverted,  it  supplies  a  fine  continuous  jet  of  water. 
iPrecipitates  requiring  washing  with  water,  are  washed  most  expe- 
fcoualy  with  hot  water,  provided  always  there  be  no  special  reason 
agnust  its  use.  The  washing-bottle  shown  in  fig.  35  is  particularly  well 
•dApted  for  this  purpoae.  Tlie  cvjrk  which  is  fastened  to  the  neck  of  the 
^k  with  wire  serves  to  fa^cilitate  holding  it* 

It  in  a  rule  in  washing  precipitates  not  to  add  fresh  wash-water  to  the 
filWr  till  the  old  has  quite  run  through.  In  ajiplying  the  jet  of  water  you 
ittve  (o  take  care  on  the  one  hand  that  the  upper  edge  of  the  filter  is 
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properly  waahed^  and  on  tbe  other  hand  thaJt  no  canals  are  formed  in  the 
precipitate,  throiigk  which  the  fiiiid  runs  o^  without  coming  in  oontact 
with  the  whole  of  the  pr^pitnte.  If  such  eanab  h&ve  formed  and  cannot 
be  broken  up  by  the  jet,  the  precipitate  must  be  stirred  cautiously  withi 
small  plAtiniun  knife  or  gla&s  rod. 

The  washing  may  be  considered  completed  when  all  soluble  matter  1 
is  to  be  removed  has  been  got  rid  ot  The  beginner  who  devotes  proper 
attention  to  the  completion  of  this  operation  shuns  one  of  the  rocks  which 
he  is  most  likely  to  encounter.  Whether  the  precipitate  han  been  com- 
pletely waabed  may  generally  be  ascertained  by  slowly  evaporating  a  drop 
of  the  last  washings  upon  a  platinum  knife,  and  observing  if  a  residue  in 
left  But  in  cases  where  the  precipitate  is  not  altogether  insoluble  iu 
water  (sulphate  of  strontia,  for  in^stance),  recotu-se  must  be  had  to  more 
special  tests,  which  w^e  shall  have  occasion  to  point  out  in  the  coui-se  of 
the  work.  The  student  should  never  discontinue  the  washing  of  a  pre- 
cipitate because  he  aimply  imagines  it  is  finished — he  must  be  certain. 

§  *S- 
y.  Separation  of  Pebcipitates  by  Decantatiox  Ain>  Filtration 

COMBIKRP. 

In  the  case  of  precipitates  wliich,  firom  their  gelatinous  nature,  or  from 

the  iirm  adhesion  of  certain  coprecipitated  salts,  oppose  insuperable,  or,  at 
all  events,  considerable  obstacles  to  i>erfect  washing  on  the  filter,  the  fol- 
lowing method  is  resorted  t-o  :  I^et  the  preci[>itate  subside  as  far  as  prac- 
ticable, pour  the  nearly  clear  supernatant  liqmdon  the  filter,  stir  the  pre- 
cipitate up  with  the  washing  fluid  (in  certain  cases,  where  such  a  course 
is  indicated,  heat  to  boiling),  let  it  subside  again,  and  repeat  this  opera- 
tion until  the  precipitiite  is  almost  tlio roughly  washed.  Transfer  it  now 
to  the  til  tor,  and  complete  the  o|>enition  with  the  wtuahing-bottle  (see 
§  47).  This  method  is  highly  to  be  recommended  ;  there  are  many  pre- 
cipitates that  can  be  thoroughly  washed  only  by  its  application. 

In  cases  where  it  is  not  intended  to  weigh  the  precipitate  washed  by 
decantation,  but  to  dissolve  it  again,  the  operation  of  washing  is  entire^j 
completed  by  decantation,  fmd  the  precipitate  not  even  transfen^d  t^jt 
filter.  The  rc-solutiun  of  tbe  bulk  of  the  precipitate?  being  effected  in  ( 
vessel  containing  it,  the  filter  is  placed  over  the  latter,  and  the  solvent 
passed  through  it.  Although  the  tcrniination  of  the  operation  of  washing 
may  be  usually  ascertained  l>y  testing  a  sample  of  the  washings  for  one  of 
the  substances  originally  present  in  the  solution  which  has  to  l)e  removed 
(for  hydrochloric  acid,  for  iiist^mce,  with  nitrate  of  silver),  still  there  are 
cases  in  which  this  mode  of  proceeding  is  itiapplicable.  In  such  case^,  and 
indeed  in  processes  of  washing  by  decantation  generally,  Bitsbeji*S  method 
will  be  found  convenient — ^viz,,  to  continue  the  process  of  washing  until 
the  flidd  which  had  remained  in  the  beaker,  after  the  first  decantation, 
has  undergone  a  ten  thou  sand- fold  dilution.  To  effect  this,  measure 
with  a  slip  of  paper  tlie  Iieigb  t  from  the  bottom  of  this  beaker  to  the  sur^ 
face  of  the  fluid  rcnudnitig  in  it,  together  with  the  precipitate,  after  the 
first  decantation  ;  then  fill  the  beaker  with  water,  if  possible,  boiling,  and 
measure  the  entire  height  of  the  fluid;  divide  the  length  of  the  second 
column  by  that  of  the  fii^t.  Go  throngli  the  same  pi-ocess  each  time  you 
add  fresh  water,  and  always  multiply  the  quotient  found  with  the  number 
obtained  in  the  preceding  calculation,  until  you  reach  10000. 
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§  49. 
PruTHER  Treatment  of  Pbbcipitates. 


Before  proceeding  to  weigh  a  precipitate,  it  still  remains  to  convert  it 
into  a  form  of  accurately  known  comj>oaition.  Tliis  ia  done  either  by 
igniting  or  by  drying.  Tlie  latter  proceeding  is  more  proti-acted  and 
tedious  than  the  former,  and  isy  moreover,  apt  to  give  less  accurate  results. 
The  process  of  drying  is,  therefore,  as  a  general  rule,  applied  only  to  pre^ 
cipitatets  wliicU  cannot  bear  exposure  to  a  ivd  heat  \*'ithout  undergoing 
total  or  partial  volatilization ;  or  whose  i^sidties  left  upon  ignition  have 
no  oonstant  composition  ;  thus,  for  instance,  drying  is  resorted  to  in  the 
^lac*  of  sulphide  of  mercur}%  sulphide  of  arsenic,  and  other  metallic  sul- 
phides ;  and  also  in  the  case  of  cyanide  of  silver,  double  chloride  of 
platinum  and  potassium,  &.c. 

But  whenever  the  nature  of  the  precipitate  (e.y.,  sulphate  of  baryta, 
sulphate  of  lead,  and  many  other  compoiuiilH)  leaves  the  ojjerator  at 
liberty  to  choose  between  drying  and  heating  to  redness,  the  latter  pro- 
cesi  ia  almost  invaiiably  preferred. 

§50. 
an,  Drying  of  l^edpitates* 

When  a  precipitate  has  been  collected,  washed,  and  dried  on  a  filter, 
nunute  particles  of  it  ailhei-e  so  lirrnly  to  the  j>aper  tliat  it  is  found 
impoesible  to  remove  them.  The  weighing  of  dried  precipitates  in- 
volves, therefore,  in  all  accurate  analyses,  the  di-ying  and  weighing  of 
the  filter  also.  To  obtain  accurate  resxilts,  it  is  necessary  to  diy  and 
weigh  the  filter  before  using  it;  the  temperature  at  which  the  filter  is 
dried  must  be  t!ie  same  us  that  to  which  it  is  intemled  subsequently 
to  expose  tlie  precii>itate.  Another  condition  is  tliat  the  filteHng-paj^ev 
must  not  contain  any  substance  liable  to  be  dissolved  by  the  fiuid  pass- 
ing through  it. 

The  dicing  m  conducted  either  in  the  water-,  air-,  or  oil-bath,  accord- 
ing U%  the  ik^gree  of  heat  retpiired.  The  weighing  ia  performed  in  a 
closed  vettf*el,  mostly  between  two  clasped  watch-glasses  {fig.  20),  or  in  a 
platinum  cimcible.  When  the  filter  appears  dry,  it  is  placed  Wween  the 
watch-glasses,  or  in  the  wann  crucible,  allowed  to  cool  under  a 
over  sulphuric  acid,  and  weighed.  The  reopened  ciiicible  or 
[i-glanses,  together  with  the  filter,  are  then  again  ex[>08ed  for  some 
time  to  the  required  degi'co  of  heat,  and,  after  cooling,  weighed  once 
more.  If  the  weight  does  not  differ  from  that  found  at  first,  the  filter 
may  be  considered  dry,uid  we  have  simply  to  note  the  coll(ictive  weight 
of  the  watch-glasaes,  clasp,  and  filter,  or  of  the  crucible  and  filter. 

After  the  washing  of  the  precipitate  has  been  concluded  loid  the  water 
allowed  to  run  ofl'  an  f^ir  as  possible,  the  filter  with  the  preci[»itate  is  taken 
off  the  fumiel,  folded  up,  and  placed  upon  blotting-paper,  which  is  then 
kept  for  some  time  in  a  moderately  warm  [ilace  protected  from  dust ;  it  is 
linally  put  into  one  of  the  watcli-glasses,  or  into  the  uncovered  platinum 
crucible,  with  which  it  was  first  weighed,  and  exposed  to  t!ie  appropriate 
of  heat,  either  in  the  water-,  air-,  or  oil-bath.  When  it  is  judged 
,  the  precijntate  is  dry,  the  second  watch-ghuss,  or  the  lid  of  the  crucible 
It  on  (witii  the  clasp  pushed  over  the  two  in  the  former  case),  and  ths 
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whole,  after  cooling  in  the  desiccator,  is  weighed.  The  filter  And  the 
precipitate  are  then  again  ©xpo8€?d,  in  the  same  way,  to  the  proper  drying 
temperature,  allowed  to  cool,  and  weighed  again,  the  same  process  being 
repeated  until  the  weight  remaina  constant  or  varies  only  to  the  extent 
of  a  few  deci 'milligrammes.  By  subtracting  from  the  wtnght  found  the 
tare  of  the  crucible  or  watch-glasses  and  filter,  we  obtain  the  weight  of 
the  dry  precipitate,  [The  filter*  must  not  be  dried  too  long,  as  it  slowly 
loses  weight,  and  even  becomes  brown  from  decomposition  when  heated  to 
100'^  for  days  together.] 

It  happens  sometimes  that  the  precipitate  nearly  fills  the  filter,  or  retains 
a  coDJsidemble  amoimt  of  water ;  or  sometimes  the  paper  is  so  thin  that  its 
removal  from  the  fiiimel  caimot  well  be  eilected  without  tearing.  In  all 
such  cases,  the  best  way  is  to  let  the  filter  and  precipitate  get  nearly  dfy 

in  the  fimnel,  which  may  be  effected  rtitdily 

Edik         by  covering  tlje  latter  with  a  piece  of  blotting- 
frfm         papor*  to  keep  oiit  the  dust,  and  placing  it^ 
MtIB         support^  on  a  broken  beaker  (fig.  38),  or 
m  IjB        aome  other  vessel  of  the  kind,  on  the  ateam- 
K   |Hm_     apparatus  or   sand-bath,  or   stove,  or   on  a 
^lif^JJII^^  heated  iron  pL'ite.     For  support  to  a  funnel 
Fig.  89.  Fig.  39.       while  drj^ng  a  hollow  frustum  of  a  cone  open 

both  ends,  made  of  sheet  zinc  (fig.  39),  is  con- 
venient. Two  sizes  may  be  used,  10  cm.  and  12  cm.  high  respectively. 
The  lower  diameter  should  be  from  7  to  B,  the  upper  from  4  to  6  cm. 


§  51. 
bL  Ignition  of  I^recipilcUeB, 


I 


In  this  process  it  is  necessary  to  bum  the  filter  and  subtract  the 
weight  of  the  filter  B&h  from  the  total  weight  found. 
.  If  care  be  taken  to  make  the  filters  always  of  the  same  paper,  and  to  cut 
every  size  by  a  pattern,  tlie  r|uaiitity  of  itah  which  each  size  yields  upon 
incineration  may  be  readily  determined.  It  ia  necessary,  however,  to 
determine  sepax^tely  the  quantity  of  ash  left  by  ordinary  filters,  and  that 
left  by  filtei*s  which  have  been  washed  with  hydrochloric  acid  and  water  ; 
fui  an  avenige  the  latter  leave  about  half  as  much  ash  as  the  former.  To 
dek^rmiue  the  filter  a-^h  tidic  ten  filters  (or  an  equal  weight  of  cuttings 
from  the  same  paper),  burn  them  in  an  obliquely -placed  platinum  crucible^ 
and  ij^nite  until  every  trace  of  carbon  is  consumed ;  then  weigh  the  ash, 
and  ilivitie  the  amount  found  by  ten ;  the  quotient  expresses,  with  suf* 
fioient  precision,  the  average  quantity  of  ash  wldch  every  indi\'idual  filter 
leaves  upon  incineration. 

In  the  ignition  of  pi^cipitates,  the  following  four  pohitfi  have  to  be 
more  particularly  regarded : 

1.  No  lotis  of  substance  must  Ije  incurred  ; 

2.  The  ignited  precipitates  must  really  be  the  bodies  they  are  repr€-, 
sented  to  bo  in  the  calculation  of  the  results ; 


'''  Tamed  down  over  the  rim.  Or  more  neatly  as  follows  : — Wet  a  common  cut 
filter,  Ktretch  it  over  tlie  gproimd  top  of  the  funnel,  and  then  gently  tear  off  the 
enperfluoua  paper.  The  cover  thus  formed  oontlnaes  to  adhere  after  drying  with 
some  force. 
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X  His  JDicliier&tioii  uf  tUt.*  dlters  must  be  complete  ; 

L  Tke  cmcdbleft  mast  not  be  attacked. 

Ibfi  loBowiog  two  metliodii  weem  to  mo  the  mmplest  A&d  most  amro* 
pijile  of  all  ihat  h^ve  as  jet  b«t?n  pFopo«ed.  The  Belection  of  nilier 
Jipiftda  upon  cettam  circumstazicea,  which  I  Khali  inuDediat^lj*  have  oecm- 
MQ  to  point  out.  But  no  matter  which  method  ia  resort^  to,  the  pn»- 
cipctMe  must  alwajB  be  thoroughly  dried,  before  it  can  properly  b^  etaepoied 
to  a  red  heat^  The  application  of  a  red  heat  to  moist  predpitaleai  mon 
pvticnWIy  to  such  a3  are  very  light  and  looee  in  the  drj  state  (aUido 

add,  for  instance)^  involves  alwavs  &  risk  of  loss  from  the  imr'  * 'W 

ww^in"^  aqtte^ua  vapora  carrviiig  away  with  them  minute  {lart  i  h^ 

wJMtanre  8ome  other  sabstanoea,  an  hydrate  of  alumina  or  ii  varii^i4rd 
Wqiiimjdde  of  iron,  for  instance,  form  atnall  hard  lumpa ;  if  such  lumps 
SIS  ^;ntied  while  sdll  moist  within  they  are  liable  to  fly  abotrt  with  great 
violenoe.  The  best  method  of  drying  precipitates  as  a  preliminary  to 
igsilioa  is  aa  described  in  g  50,  the  last  paragraph. 

Respecting  the  ignition,  the  degree  of  beat  to  be  applied  and  tlie  diuYi- 
lioa  of  the  process  must,  of  course,  depend  upon  the  nature  uf  the  pre^ 
dpitat^  and  upon  its  deportment  at  a  red  heat.  As  a  geoend  rule,  a 
aoteate  ir«d  heat,  applied  for  about  five  minutes,  is  found  sufficieiit  to 
efieci  the  purpose ;  there  are,  however,  many  exceptions  to  this  mle 
irhich  wiU  be  indicated  wherever  they  occur. 

Whenever  the  choice  is  permitted  between  porcelain  and  platinum 
crucibles^  the  latter  ai*e  always  preferred,  on  account  of  their  comparative 
lightness  and  infrangibility,  and  because  they  are  more  readily  hJeated  to 
rednmL  The  crucible  selected  should  always  be  of  sufficient  capacity,  as 
the  use  of  crucibles  deficient  in  size  involves  the  nsk  of  loss  of  substance. 
Ihe  proper  size,  in  most  cases,  is  4  cm.  in  height,  and  3*5  cm.  in  diameter. 
That  the  CTucible  must  be  perfectly  clean,  both  inside  and  outaidep  nead 
liardly  be  mentioneiL  The  anaJy^  should  acquire  the  habit  of  fi*^fiif*g 
iod  polishing  the  platinum  crucible  always  afier  using  it*  This  should 
be  done  by  friction  with  moist  sea-sand  whose  grains  are  all  round  and 
do  not  sctatch*  The  sand  is  nibbed  on  with  the  finger,  and  the  desired 
(i^ect  in  produced  in  a  few  minutes.  The  adoption  of  this  habit  is 
a^  tb  the  pleasure  of  always  working  with  a  bright  crucible  and 

lii'^  f  prolonging  its  eaistenoe.     This  mode  of  cleaidng  is  all  the 

Wgrm  neoessary,  when  one  ignites  over  ^as-lamps,  since  at  this  high  tem- 
peimture  eruciblea  soon  acquire  a  grayeo&ting,  which  arises  from  a  super- 
ficial loosening  of  ihe  platinum.  A  little  burnishing  with  sesraand 
nfadOy  removes  the  appearance  in  question,  without  causing  any  notable 
duninution  of  the  weight  of  the  crucible.  The  foregoing  remarks  on 
crucibles  refer  equally  to  thoae  of  iridium-platinum — which, 
,  are  now  much  used,  and  very  highly  to  be  reconunended — 
'  tbc  ppstoration  of  the  polish  is  somewhat  more  di^cult  with  the 
lalieTp  on  account  of  the  greater  hardness  of  the  alloy.  If  there  are 
wp^  on  tlie  platinum  or  indium-platinum  crucibles,  which  cannot  be 
nneved  by  1^  sand  without  wearing  away  too  much  of  the  metal,  a 
» himlpliate  of  potaasa  is  fused  in  the  crucible,  the  fluid  mass  shaken 
t  inade,  allowed  to  cool,  and  the  crucible  finally  boiled  with  water. 
*  are  two  ways  of  cleaning  crucibles  soiled  outside ;  either  the  cruci- 

lis  placed  in  a  larger  one,  and  the  iuterspaoe  filled  with  bisulphate  of 
M  which  IB  llieii  heated  to  fusion ;  or  the  crucible  is  pLiced  on  a 
Hum-wire  triangle  heated  to  redness,  and  then  sprinkled  over  with 
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powdered  bisulphate  of  potaasa.     Instead  of  the  bUiilpliate  yon  may  tiao^ 
borax.     Never  forget  at  last  to  polish  the  crucible  with  sea-sand  agaiii. 

When  the  cnicible  is  clean,  it  is  placed  upon  J 
a  clean  platinum- wire  triangle  (tig.  40),  ig-J 
nited,  allowed  to  cool  in  the  de-siccator,  and 
weighed*     This   ojieration,  though  not  indi*- 1 
pensable,  is  still  always  advisable,  that  the  ] 
weighing  of  the  empty  and  the  filled  erudblo  j 
may  be  performed  under  as  nearly  as  posaible  | 
the  same  circumstances.     The  empty  crucible 
may  of  course  be  weighed  o/ler  the  ignition  of 
tlie  precipitate ;  however,  it  is  preferable  in 
moat  casea  to  weigh  it  hefore.     The  ignition  is 
effectod  with  a  Berzeltcs  spirit-lamp  or  a  gas-lamp,  or  else  in  a  muifle*  . 
In  igniting  retluciblo  Bubstances  over  lamps,  the  analyst  must  always  be] 
on  his  guard  against  the  contact  of  unconsumed  hydrocarbons  even  in 
covered  crucibles,     \yhen  gas-lampa  are  used  there  is  especial  need  of 
caution  in  this  respect,     Keductiou  will  be  avoided  if  the  fiame  is  made  J 
no  larger  than  necessary,  if  the  crucible  is  supported  in  the  upper  parfe  ■ 
of  the  flame,  and  if,  when  the   crucible  is  in  a  slanting  position,  it  is 
heatod  from  behind. 

We  pass  on  now  to  the  description  of  the  special  methods. 


FiBST  METnoT>.     {Igniiwn  of  the  PrecipUaU  tmift  tha  FUter,) 

This  method  is  resorted  to  in  cases  where  there  is  no  dange^  of  a  re- 
duction of  the  precipitate  by  the  action  of  the  carbon  of  the  filter.  The 
mode  of  proceeding  ia  as  follows  : — 

The  perfectly  dry  filter,  with  the  pi*ecipitate,  is  removed  from  the  fttE 
nel,  and  its  sides  are  gathered  together  at  tlie  top,  so  that  the  precipitate! 
lies  encloHe^l  as  in  a  small  bag.  The  filt^?r  is  now  put  into  the  miciblepl 
which  is  then  covered  and  heated  over  a  spirit-lamp  witli  double  draught, 
or  over  gas  very  gently,  to  elTect  the  slow  charring  of  the  filter ;  the  cover 
Ls  now  removed^  the  crucible  placed  obliquity,  and  a  stronger  degree  of 
heat  applied,  until  comjilete  incineration  of  the  filter  is  effected ;  the  lid, 
which  had  in  the  meantime  best  be  kept  on  a  j>orcelaiu  plate,  or  in  a 
porcelain  crucible,  is  put  on  again,  and  a  red  heat  applied  for  some  time 
longer,  if  needed ;  the  crucible  is  now  allowed  to  cool  a  little,  and  is 
then,  while  still  hot,  though  no  longer  retl  hot,*  taken  off  with  a  pair  of 
tongs  of  brass  or  polished  iron  (fig.  41),  and  pyt  in  the  desiccator,  where 
it  is  left  to  cool ;  it  is  finally  weighed. 

Tli6  combustion  of  the  carbon  of  the  filter  nmy  be  promoted,  in  cascis 
where  it  proceeds  too  slowly,  by  jiusliiug  the  non-consumed  particles, 
with  a  smoth  and  rather  stout  platin\im  wii*e,  within  the  focus  of  the 
strongest  action  of  the  heat  and  air.  And  the  operator  may  also  in- 
crease the  draught  of  air  by  leaning  the  lid  of  the  ci-ucible  against  the 
latter  in  the  manner  illustratod  in  fig.  42. 

It  will  ocaisionally  happen  that  particles  of  the  carbon  of  the  fi^lter 

*  Taking  hold  of  a  rtd  hot  cniciblQ  with  brass  tonga  might  cauae  the  fonna- 
tioa  of  black  rings  round  it 
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obttiiuiteljr  resist  inciner&tion.  lu  such  cases  the  operation  mtky  be  pro- 
mntod  bj  patting  u.  small  lump  of  fused,  dry  nitnite  of  ainmotiin  into 
ikoi  crucible,  placing  on  the  lid  and  applying  a  gentle  heat  at  drsi^  which 
ia  gnfciually  increased.  However,  as  this  way  uf  proceeding  ia  apt  to  in- 
voW^  iiocue  Igaa  of  substance,  its  application  i^hould  not  be  made  a  gene* 
Eli  tuh. 


Fig.  41 


F%,  43. 


la  cases  where  the  bulk  of  the  precipitate  is  easily  detwclipd  from  tho 
filter,  the  preceding  method  is  occasionally  modified  in  thiH,  that  tlm 
precipitate  is  put  into  the  crucible,  and  the  filter,  with  the  still  adhe- 
ring fjftrticle*,  folded  loosely  together,  and  laid  over  the  precipitate. 
In  other  respects,  the  operation  in  conducted  in  the  manner  abo-vo 
dcscnbed. 


§  ^3. 

StcsoSrB  Method.     {Ignition  of  the  Precipitate  apart  from  the  Filter.) 

This  method  is  resorted  to  in  cases  where  a  reduction  of  the  precipi- 
tate £rotD  the  action  of  the  carbon  of  the  filter  is  app  re  bonded ;  and  also 
vhem  the  ignited  pi-ecipitate  is  requiretl  for  further  examination,  wbicli 
J  llie  prpfP*nce  of  the  filter  ash  might  embaiTuss,     It  may  be  employed 
I  air  *   of  the  first  method,  in  all  cases  where  the  precipitate  is 

^  hed  from   the  filter.     The  mode  of   pi-oceediiig    is  as  fol- 

The  crucible  intended  to  receive  the  precipitate  is  placed  upon  a  sheet 
rf  gUxcNl  paj>er ;  the  pei^ectly  dry  filter  with  the  precipitate  is  taken 
ooi  of  the  funnel,  and  gently  pressed  together  over  the  paper,  to  detach 
k  precipit-ate  from  the  filt4?r  ;  the  precipitate  is  now  shaken  into  the 
micthle,  and  the  particles  still  adhering  to  the  filter  are  removed  from 
iti  aa  iar  as  practicable,  by  further  pressing  or  gentle  rubbing  together 
flf  the  folded  filter,  and  are  then  also  transferred  to  the  crucible.  The 
€l(erS8  now  spread  open  upon  the  sheet  of  glajted  paper,  and  then  folded 
I  ttibrm  of  a  little  square  box,  enclosed  on  all  sides  by  the  parts  turned  up  ; 
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any  minute  particle*  of  tlie  precipitate  that  may  have  dropped  on  the 
glazed  paper  are  bruahed  into  this  little  box,  with  the  aid  of  a  small 
feather ;  the  box  is  closed  agaia,  rolled  up,  and  one  end  of  a  long  pla- 
tinum wire  spirally  wound  round  it*  Hie  crucible  being  placed  on  or 
above  a  porcelain  plate,  the  little  roll  i^  lighted,  and,  during  its  combus- 
tion, held  over  the  crucible,  bo  that  the  falling  particles  of  the  precipi- 
tate or  filter  ash  may  drop  into  it,  or,  at  least,  into  the  porcekdn  plate. 
In  this  way,  and  by  occasionally  holding  the  little  roll  again  in  or 
againiit  the  flame,  the  incineration  of  the  tilter  is  readily  and  safely 
effected.  When  the  operation  ia  terminated,  a  slight  tivp  will  suffice 
to  drop  the  ash  and  the  remaining  particles  of  the  precipitate  into 
the  crucible,  which  m  then  covered,  and  the  ignition  completed  aa 
in  §  52.  Where  it  is  intended  to  keep  the  ash  separate  from 
the  precipitate,  it  is  made  to  drop  into  the  lid  of  the  crucible,  in 
which  case  it  la  better  to  ignite  the  cnicible  with  the  principal  portion 
of  the  precipitate  first.  Hi  is  method  of  incinerating  the  filter^  devised 
by  BuKSEsr,  is  preferable  to  the  method  formerly  in  use,  in  which  the 
filter,  freed,  aa  far  as  practicable,  from  the  precipitate,  was  burnt  either 
whole  or  cut  up  into  little  bits  on  the  lid  of  the  crucible,  the  operation 
being  promoted  when  necessary  by  gently  pressing  the  still  uncousximed 
particles  with  a  platinum  wire,  or  platinum  spatula,  against  the  red-hot 
lid.  No  matter  which  method  of  incineration  is  resoiied  to,  the  ope- 
ration must  always  be  conducted  in  a  spot  entirely  protected  from 
draughts. 

Ct^i-tain  precipitates  suffer  some  essential  modification  in  their  pro- 
perties, in  their  solubility,  for  instance,  from  ignition.  In  cases  where 
a  purtitm  of  a  substance  of  the  kind  is  required,  after  the  weighing,  for 
some  other  pvupose  with  which  the  elTeets  of  a  red  heat  would  interfere, 
the  two  o[jeratious  of  di'jiiig  and  igniting  may  be  combined  in  the  fol- 
lowing way  : — Tlie  precipitate  is  collected  on  a  tilter  dried  at  lOU^;  it  is 
then  alBO  dried,  at  100^,  and  weighed  (§  50).  A  portion  of  the  dry  pre- 
cipitate is  put  into  a  tai-ed  criicibk>,  and  its  exact  weight  ascertained ; 
it  ia  then  exposed  to  a  red  heat,  allowed  to  cool  in  the  usual  way,  and 
weighed  again  ;  the  diminution  of  weight  which  it  has  undergone  is  cal- 
culated on  the  whole  amount  of  the  precipitate. 
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A  precipitate  is  washed  either  by  filtration  or  by  decantation :  in 
the  former  case  the  portion  of  liquid  not  meeJianically  retained  is  al- 
lowed to  tlrain  from  the  precipitate  ;  in  the  latter  it  is  sepai*ated  by 
simply  jjofiring  it  away,  the  foreign  substances  contained  in  the  preci* 
]>itat6  l>eing  then  removed  by  the  repeated  addition  of  some  washing* 
iluid,  in  each  successive  portion  of  which  the  precipitate  is,  as  far  as 
possible,  nnifornily  Buspendcdj  this  process  being  continued  until  the 
amount  of  impurity  becomes  so  minute  that  its  presence  may  be  entirely 
ilisregarded. 

Supposing  V  to  represent  the  volume  of  the  moist  precipitate  remain- 
ing at  the  bottom  of  the  vessel  after  tlie  decantation,  or  upon  the  filtrate 
aH^er  filtration,  V  the  volimie  of  wash-water  employed  at  each  succes- 

•  Ana.  der  Cheni.  und  Pharm*,  vol.  cxlvlii,  p.  260  ;  Am.  Jour.  Sci.,  xlvii  p.  S31. 


t 


f  ss,  ••] 


BUySEN  S  METHOD  OF  RAPID    FILTRATION, 


&ive  <lecarittitio]i,  n  the  number  of  decantations,  and  .  the  fraction  ex- 

a 

pressing  the  projKirtion  of  the  original  amount  of  impurity  still  remain- 
ing in  the  prueipita.t43  after  n  decantationa,  then 


U-fv)        a" 


(I) 


fVlliiig  W  the  total  volumo  of  waah-water  resulting  from  n  decantatious, 

nY=W; (2) 

tliiorefore 


^1 


nv/ 


or 


W=nu(V^— 1) (3) 

If  we  differentiate  W  with  respect  to  n  and  make  the  differential 
quotient  e^ual  to  0,  then  the  minimum  value  of  W  bcKJomes,  when 
n  ^=  oe, 

W=i;  uat.  log.  a, (4) 

Precipitotes  obtained  in  the  course  of  chemical  analyms  may  in  all 
caaes  be  aasumed  to  be  sufficiently  washed  when  the  impurity  retained 
by  tbatn  amounts  to  no  more  than  the  y-qo^^otr  P*^*  Making  therefore 
a=  100000  and  v=  1,  it  results  from  equation  (4)  that  the  least 
t|uantity  of  fluid  required  in  order  to  remove  the  impurity  contained  in 
&  precipitate  to  the  ^  q^^^  « ^  part  amounts  to  eleven  and  a  half  times 
the  volume  occupied  by  tue  precipitate  itself  in  the  liquid  in  which  it 
exiirta.  It  ia  evident,  therefoi'e,  that  the  amount  of  water  actually  ne- 
ceeaary  to  wash  a  precipitate  the  more  nearly  approaches  this  minimum 
tbe  oftener  we  decant,  and  the  Biiialler  the  quantity  of  washing-water 
ve  employ  at  each  decantation. 

Since  some  of  the  principal  sources  of  error  in  analytical  work  con- 
aiflt  in  the  incomplete  or  in  the  too  protracted  washing  of  precipitates,  it 
becomes  important  to  know  how  to  ascertain  the  progress  of  the  washing 
througliout  the  several  stages  of  the  process.  By  employing  the  same 
voloma  of  water  at  each  successive  addition,  and  estimatiiig  its  relation 
to  that  of  the  precipitate  remaining  at  the  bottom  of  the  vessel  or  upon 
til©  filter,  we  can  find  from  the  Table  on  the  following  ptige,  calculated 
by  mMna  of  the  formula  above  giveo^  the  number  of  times  it  is  neces- 
mtf  to  decant  in  order  to  diminish  the  amount  of  impuiity  in  the  pre- 
<^»P«^^*«  ^  ^^  ttbW?  Bflhfl>  TTriyTF  or  -nrW  V^^  Column  I.  shows 
tlM?  rebition  betrween  the  volume  of  the  precipitate  and  the  washing- 
watrr  employed  for  each  successive  decantation,  column  II,  the  ituni- 
bor  of  decantations  requii"ed  to  diminish  the  amount  of  impurity  to  the 
Tirrmwify  extent,  and  column  III.  the  total  volume  of  water  obtained 
^^OCB  the  several  decantations. 

Whrn  the  washing-process  is  performed  in  a  l)caker,  the  relation  be- 
tween the  volume  of  the  precipitate  and  that  of  the  liquid  maybe  easily 
cMertnined  by  holding  a  strip  of  paper  along  the  side  of  the  vessel  and 
UMrking  upon  it  the  n^spective  heights  of  the  precipitate  and  supernatant 
liquid ;  thitn  on  folding  the  portion  of  paper  lying  between  the  two  marks 
In  iacli  ft  manner  that  each  fold  corresponds  to  the  height  occupied  by 
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the  precipitate,  the  number  of  folds  will  give  the  argimient  in  column  ■ 
to  fiiid  in  colunm  II.  the  number  of  decantations  needed  to  wuah  to  the 
I'equired  extent.  If  the  washing  be  conducted  as  in  the  ordinary  method 
of  filtration,  funnels  possessing  an  angle  of  60°  must  be  inv^ariably  em- 
ployed, and  the  capacitiea  of  the  variou8*si»ed  filters  once  for  all  deter- 
mined by  means  of  a  burette.  After  the  precipitate  has  been  brought 
upon  the  filtcsr  and  allowed  to  drain,  it  is  mixed  as  thoroughlj  as  possi- 
ble with  water  from  a  graduated  washing-Eask.  Call  the  amount  of 
water  thus  necessary  to  fill  the  filter  t),  and  the  capacity  of  the  empty 

filter  t),  then  ^     —  =  —  in  column  I. ;   that  is,  the  argument  needed 

to  find  in  column  XL  the  number  of  times  it  is  necessary  to  refill  the  filter 
io  order  to  wash  the  precipitate  to  the  desired  extent* 
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I  by  far  prefer  using  this  Table  to  emi»loying  the  method  generally  fol- 
lowed of  ascertaining  the  completion  of  the  washing-process  by  evapora- 
ting a  quantity  of  the  filtrate  on  platinum-foilj  since  in  the  latter  ca«e  it 
is  only  pos.'^ible  to  obtain  an  infallible  proof  when  we  have  to  deal  with 
a  precipitate  possessing  an  extremely  high  degree  of  insolubility ;  if  the 
jirecipitate  be  soluble  to  auy  marked  extent,  the  i^esult  is  completely 
illusory. 

In  the  process  of  filti'ation  as  hitherto  conducted^  the  time  required 
is  so  long  and  the  quantity  of  wash-water  needed  so  great  that  some 
simplification  of  this  continually  rec^irring  operation  m  in  the  highest  de- 
gree desirable.  The  following  method,  which  depends  not  upon  the  remo- 
val of  the  impurity  by  simple  att'cnuation,  but  upon  its  displacement  byj 
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14-9 

0*472 

330 
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forcing  the  wash- water  through  the  precipitate,  appears  to  me  to  combine 
all  the  re<]uisite  conditions  and  therefore  to  satisfy  the  need. 

The  rapidity  with  which  a  Uqaid  filters  depends,  ccetms  pnrilnui,  upon 
i  difference  which  exists  between  the  pressure  upon  its  upper  and  lower 
Supposing  the  filter  to  consist  of  a  solid  substance,  the 
of  which  sufler  no  alteration  by  pressure  or  by  any  other  infiuence, 
then  the  volume  of  hquid  filtered  in  tlie  unit  of  time  is  nearly  propor- 
tional to  the  difference  in  pressure  :  this  is  clearly  shown  by  the  following 
experiments,  made  with  pure  water  and  a  filter  consisting  of  a  thin 
plate  of  artificial  pumice-stone.  The  thin  plate  of  pumice  was  hemieti* 
cally  listened  into  a  funnel  consisting  of  a  graduated  cylindrical  glass 
vesMil,  the  lower  end  of  which  wiia  connected  with  a  large  thick  flask 
hj  means  of  a  tightly  fitting  caoutchouc  cork.  The  j^ressure  in  the  flask 
was  then  reduced  by  rarefying  the  air  by  means  of  a  method  to  be 
described  upon  another  occasion  ;  and  for  each  difference  of  pressure  /?, 
measured  by  a  mercury  column,  the  number  of  seconds  i  was  observed 
which  a  given  quantity  of  water  occupied  in  passing  through  the  filter. 
The  following  are  the  results : — 

L 

Eln  the  ordinary  process  of  filtration,  p  on  the  average  amounts  to  no 
>re  than  0*004  to  0*008  metre.  The  advantage  gained,  thei^fore^  is 
lily  perceived  when  we  can  succeed  by  some  simple,  practicable,  and 
«uOy  attainable  method  in  multiplying  this  difference  in  pressure  one  or 
two  hundred  times,  or,  say,  to  an  entire  atmosphere,  without  running  any 
risk  of  breaking  the  filter.  The  solution  of  this  pi'oblem  is  very  easy ; 
an  ordinary  glass  funnel  has  only  to  be  so  arranged  that  the  filter  can 
b©  comjdetely  adjusted  to  its  side  even  to  the  very  apex  of  the  con6. 
For  this  purpose  a  glass  funnel  is  chosen  possessing  an  angle  of  60**, 
or  as  nearly  60^  as  possible,  the  walla  of  which  must  be  completely 
fipo©  from  inequalities  of  every  description  ;  and  into  it  is  placed  a  second 
funnel  made  of  exceedingly  tliin  platLnum-foil,  and  the  sides  of  which 
possess  exactly  the  same  inclination  as  those  of  the  glajis  funnel.  An 
Qidinajy  paper  filter  is  then  introduced  into  this  compound  funnel  in  the 
usual  mjmner ;  when  carefully  moistened  and  so  adjusted  that  no  air- 
bubbles  are  visible  l>etween  it  and  the  glass,  this  filter,  when  filled  with 
t  liquid,  will  support  the  pressure  of  an  extra  atmosphere  without  ever 
breaking. 

The  platinum  funnel  is  easily  made  from  thin  platinum-foil  in  the 
following  manner : — In  the  carefully  chosen  glass  funnel  is  placed  a  per^ 
f^^tlf/  acrurately  fitting  filter  made  of  writing-paper ;  this  is  kept  in 
[KJiiition  by  dropping  a  little  melted  sealing-wax  between  its  upper  edge 
Mid  the  glass;  the  paper  is  next  saturated  with  oil  and  filled  with  liquid 
plaster  of  Paris,  and  before  the  mixture  solidifies  a  small  wooden  handle 
ia  placed  in  the  centre.  After  an  hour  or  so  the  plaster  cone  with  the 
idhering  paper  filter  can  be  withdrawn  by  means  of  the  handle  &om  the 
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funnel,  to  which  it  accurately  oorrefflpondB.  Hie  paper  on  the  outnde 
of  the  cone  is  again  covered  with  oil,  and  the  whole  carefblly  inserted 
into  liquid  plaster  of  Paris  contained  in  a  small  crucihle  4  or  5  centiinR. 
inheight.  After  the  mixture  has  solidified,  the  ccme  may  be  easily  with- 
drawn ;  the  adhering  paper  filter  is  then  detadied,  and  any  small  pieces 
of  paper  still  remaining  removed  by  gently  rubbing  with  the  finger.  In 
this  manner  a  solid  cone  is  obtained  accurately  fitting  into  a  hollow  cone, 
and  of  which  the  angle  of  inclination  perfectly  coneqponda  with  that  of 
the  glass  f unneL 
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tliAt  its  centre  a  touches  the  apex  of  tlie  latter ;  the  sides  a  h  d  are 
ihen  closely  pressed  upon  the  plaster,  and  the  retniiiniug  portion  of 
the  pUtinum  wrapjM^d  »s  equally  and  us  closely  as  possible  around  the 
caoe«  On  agnin  heating  the  foil  to  rfdness,  pressing  it  once  more 
tipon  the  cone,  and  inserting  the  whole  into  the  hollow  cone,  and 
turning  it  round  once  or  twice  under  a  gentle  pressure,  the  proper 
flbape  is  completed.  The  platinum  funnel,  which  should  not  allow  of 
the  transmission  of  light  through  its  extreme  point,  even  now  iK>SBes8es 
such  stability  that  it  may  be  immediately  employed  for  any  purpose.  If 
desjred,  it  may  bo  made  still  stronger  by  soldering  down  the  overlap- 
ping  pcotion  in  one  spot  only  to  the  upper  edge  of  the  foil  by  means  of 
a  grain  or  two  of  gold  and  borax ;  in  general,  however,  this  precaution 
IS  tmnecessary*  If  the  shape  has  in  any  degi-ee  altered  during  this  latter 
process,  it  is  simply  necessary  to  drop  the  platinum  fimnel  into  the  hol- 
low cone  and  then  to  insert  the  solid  cone,  when  by  one  or  two  turns 
of  the  latter  the  proper  form  may  be  iinineiliately  restored.  Tlie  jdati- 
num  funnel  is  placed  in  the  bottom  of  the  glass  funnel,  the  dry  pjijmr 
filter  then  introduced  in  the  ordinary  manner,  moistened,  and  freed 
from  all  adhering  air-bubbles  by  pressure  with  the  finger,  A  tilter  so 
arranged  and  in  perfect  contact  with  the  glass,  when  filled  with  a  lii^uid 
will  support  the  pressure  of  an  entire  atmosphere  without  the  least  dan- 
gOT  of  breaking ;  and  the  interspace  between  the  folds  of  the  platinum- 
fo0  ifl  perfectly  sufficient  to  allow  of  the  passage  of  a  continuous  stream 
of  water. 

In  order  to  be  able  to  produce  the  additional  pressure  of  an  atmo- 
sphere, the  filtered  li«piid  is  received  in  a  stixmg  glims  flask  insteail  of 
in  beakers.*  This  fiask  is  closed  by  meajia  of  a  doubly  perf<»rated 
caoutchouc  cork,  through  one  of  the  holes  of  which  the  neck  of  the  glass 
funnt^l  is  piu«ied  to  a  depth  of  from  5  to  8  centimetrea  (fig.  43,  A); 
through  the  other  is  fitted  a  narrow  tube  open  at  both  entb,  the  lower 
end  of  which  is  brought  fxarth^  to  the  lcv*d  of  the  lower  surfaeii  of  tlie 
e^rkj  to  the  other  is  adapted  the  caoutchouc  tube  connected  with  the 
apparatus  destined  to  produce  the  requisite  ditference  in  pressurt^ :  tldfl 
apparatus  will  be  desci-ibed  immediately.  The  flasks  are  jilaecsd  in  a 
metallic  or  porcelain  vessel,  in  the  coniciil  contraction  of  which  several 
strips  of  cloth  are  fastened.  This  method  of  supjKJrting  the  flask  has 
the  advantage  that,  in  one  and  the  same  vessel,  flasks  varying  in  size  from 
0*5  to  2*5  litres  stand  equally  well,  and  that  by  simidy  laying  a  cloth  over 
the  mouth  of  the  ^'-essel,  tlie  consequences  of  an  explosion  (which  through 
inexperience  or  carelessness  is  possible)  are  rendered  harmless. 

1 1  is  imposHible  to  employ  any  of  the  air-punif >s  at  present  in  use  to  create 
the  diUerenoe  in  pressure,  since  the  filtrate  not  unfrequeutly  contains  chlo- 
rine, sulphurous  acid,  hydric  sulphide,  and  other  substances  which  would 
w:'  "usly  upon  the  metallic  poi'tions  of  these  instruments.     I  there- 

f  ►y  a  Wider  air-pump  construct+'d  ou  the  principle  of  Spuenoel's 

mticuiypump,  and  which  appears  to  nve  preferable  to  all  other  forms  of 
air>{>um)i  for  chemical  [rnqKises,  since  it  etJect*j  a  rai'efaction  to  T*dthin  G 
or  12  millimetres  |»rfH.suj'o  of  mercuiy. 

Fig*  4H  shows  the  arrangement  of  this  pump.  On  opeoing  the  pinch- 
oock  a,  water  flows  from  the  tube  I  into  the  enlarged  glass  vessel  5,  and 


I 


•  Those  Qadca  muet  be  somewhat  thicker  than  those  ordinarily  used,  in  ordei 
to  T»r<?vt'nt  the  possibility  of  their  giving  way  under  the  atmospheric  pressure. 
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thence  down  the  leaden  pipe  c.  This  pipe  has  a  diameter  of  about  8 
millims.,  and  extends  downward  to  a  depth  of  30  or  40  feet,  and  ends  in 
a  sewer  or  other  arrangement  serving  to  convey  the  water  away.  The 
lower  end  of  the  tube  d  possesses  a  narrow  opening ;  it  is  hermetically 
sealed  into  the  wider  tube  6,  and  reaches  nearly  to  the  bottom  of  the 
latter.  A  manometer  is  attached  to  the  upper  continuation  of  this  tube 
d  by  means  of  a  side  tube  at  ^* ;  at  (i*  is  attached  a  strong  thick 
caoutchouc  tube  possessing  an  internal  diameter  of  5  millims.  and  an 
external  diameter  of  12  nallims. ;  this  leads  to  the  flask  which  is  to  be 
rendered  vacuous,  and  is  connected  with  it  by  means  of  the  short  nar- 
rowed tube  k.  Between  the  air-pump  and  the  flask  is  placed  the  small 
thick  glass  vessel^,  in  which,  when  one  washes  with  hot  water,  the 
steam  which  may  be  carried  over  is  condensed.  All  the  caoutchouc 
joinings  are  made  with  very  thick  tubing,  the  internal  diameter  of 
which  amounts  to  about  5  millims.,  the  external  diameter  to  about  17 
millims.  The  entire  arrangement  is  screwed  down  upon  a  board  fastened 
to  the  wall,  in  such  a  manner  that  each  separate  piece  of  the  apparatus 
is  held  by  a  single  fastening  only,  in  order  to  prevent  the  tubes  being 
strained  and  broken  by  the  possible  warping  of  Ihe  board.  On  releasing 
the  pinchcock  a,  water  flows  from  the  conduit  I  down  the  tube  c  to  a 
depth  of  more  than  30  feet,  carrying  with  it  the  air  which  it  sucks 
through  the  small  opening  of  the  tube  d  in  the  form  of  a  continuous 
stream  of  bubbles.  No  advantage  is  gained  by  increasing  the  rapidity 
of  the  flow,  since  the  friction  exeried  by  the  water  upon  the  sides  of  the 
leaden  pipe  acts  directly  as  a  counter-pressure,  and  a  comparatively 
small  increase  in  the  rapidity  of  the  flow  is  accompanied  by  a  great  in- 
crease *  in  the  amount  of  this  fricti5n.  Accordingly  at  <;  is  a  second 
pinchcock,  by  which  the  stream  can  be  once  for  all  so  regulated  that,  on 
completely  opening  the  cock  a,  the  friction,  on  account  of  the  dimin- 
ished rate  of  flow,  is  rendered  sufficiently  small  to  allow  of  the  maxi- 
mum degree  of  rarefaction.  Such  an  apparatus,  when  properly  regu- 
lated once  for  all  by  means  of  the  cock  </,  exhausts  in  a  comparatively 
short  time  the  largest  vessels  to  within  a  pressure  of  mercury  equal  to 
the  tension  of  aqueous  vapor  at  the  temperature  possessed  by  the 
stream.*  The  tension  exerted  by  the  water-stream  in  my  laboratory,  in 
which  six  of  these  pumps  are  used,  amounts  to  about  7  millims.  in  win- 
ter and  10  millims.  in  summer.  The  filti-ation  is  made  in  the  following 
mannc^r :  The  flask  standing  in  the  metallic  or  porcelain  vessel  is  con- 
nected by  moans  of  the  slightly  di-awn-out  tube  k  with  the  caoutchouc 
tube  h  attached  to  the  pump,  the  cock  a  having  been  pi-eviously  opened 
and  the  properly  fitted  moistened  filter  filled  with  the  liquid  to  be  fil- 
tc^red.  As  usual,  the  cle^ir  supernatant  fluid  is  first  poured  upon  the 
filt-er ;  in  a  moment  or  two  the  filtrate  runs  through  in  a  continuous 
Htream,  often  so  rapidly  that  one  must  hasten  to  keep  up  the  supply  of 
liquid,  since  it  is  advisable  to  maintain  the  filter  as  full  as  possible. 
Aft<T  the  precipitate  has  been  entirely  transferred,  the  filtrate  passes 
throiij^h  drop  by  drop,  and  the  manometer  not  unfrequently  now  shows 
li  pnwKiiro  of  an  extra  atmosphere.  The  filter  may  be  filled  (in  fact 
this  is  to  be  recommended)  >\ith  the  precipitate  to  within  a  millimetre 

•  Tho  tinio  roquired  to  obtain  the  above  degree  of  exhaustion  in  a  flask  of 
from  1  to  3  litres  capacity  raujjes  from  six  to  ten  minutes  ;  the  quantity  of  water 
iiDocHiiary  amounts  to  about  40  or  50  litres. 
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since  the  precipitate,  in  con8€»quence  of  the  high  pressure  to 
whlc^  it  b  siibjcctedj  l>6coraes  sque^^zed  into  a  thin  layer  broken  op  by 
innuinrrable  fissures*  As  soon  as  the  liquid  has  passed  through  and  the 
firat  traces  of  this  breaking  up  become  evident,  the  precipitate  will  bo 
found  to  have  been  so  finnly  pressed  npon  the  paper,  that  on  cautioualj 
pouriiig  water  over  it  it  remuinsj  completely  undistvjrbed.  The  washing 
itt  effected  by  cai-f^fully  poxiriiig  water  down  the  side  of  the  fimnel  to 
within  a  centimetre  tthove  the  nra  of  the  filter:  the  washing  flask  for 
lhi»  purpose  is  not  applicable ;  the  water  must  be  poured  from  an  open 
vesaeL  After  the  filter  has  in  this  manner  been  rejdenished  four  times 
with  water  and  allowed  to  drain  for  a  few  miimtes,  it  will  be  found  to 
be  aJ ready  so  far  dried,  in  conscNrjuence  of  the  high  jiressure  to  which  it 
has  been  subjected,  that  without  any  further  desiccation  it  may  be  with- 
drawn, together  with  the  precipitate?,  from  the  funnel,  anil  immediately 
ignit«fd,  with  the  precautious  to  be  jireseiitly  given,  in  the  crucible. 

If  the  porosity  of  a  [miier  filter  containing  a  precipitate  were  as  im- 
altarabie  as  that  of  a  pumice-stone  filter,  the  experiments  above  de- 
scribed would  allow  that  the  times  recpiired  for  filtration,  accortling  to 
th&  old  nietliod  on  the  one  hand,  and  the  new  one  on  the  other,  would 

inversely  proportional  to  the  di  fie  re  nee  in  jjressure  in  each  case  ;  that 
using  the  pump  under  the  full  jireRsui^e  of  about  74  U  millims.,  the 
?ded  to  wash  a  precipitate,  occupying  by  the  old  process  an 
>uld  at  the  utmost  not  amount  to  more  than  30  seconds. 
In  using  such  pumice  filters*  to  drain  crystals  from  adhering  mother 
liquors,  or,  say,  to  wash  cry  stals  of  chromic  acid  by  means  of  concentra- 
ted sulphuric  acid  and  fuming  nitric  acid,  the  time  occupied  in  the  filtra- 
tigjg^  ia  acarcely  longer  than  that  needed  to  pour  a  liquid  slowly  from  one 
-'  11^_'^  another.  In  filtering  by  means  of  pa|>cr,  the  precipitate  gra- 
ixaStf  closes  up  the  pores  of  die  filter,  and  accordingly  such  an  extra* 
furdiniuy  accelei'ation  aa  this  can  no  longer  be  expected.  But  the  fol- 
low!]]^ examples  will  show  the  saving  of  time  and  labor  the  method 
effects^  even  under  all  unfavorable  conditions.  For  these  experiments 
I  bave  purposely  chosen  the  hydrated  chromium  sesqiiioxide,  since 
it  ia  one  of  the  most  diihcult  of  precipitates  to  wash  thoroughly. 
A  iwjlution  of  chromium  chloride  was  i»repared  by  acting  witli  fuming 
hydrochloric  acid  upon  potassium  dichromate  ;  and  by  me^ns  of  a  mea- 
iiaring*vi^s8<>l,  which  allowed  the  amount  of  chromium  to  be  estimated  to 
within  O'OOOi  grm.,  successive  portions  of  the  liquid  were  withdrawn, 
and  the  chromium  oxide  contained  in  them  precipitated  with  the  usual 
lireeaiitions  by  ammonia.  The  volume  of  liquid,  the  quantity  of  am* 
mcmia  employed,  the  time  occupied  iu  boiling  and  in  permitting  the  pre- 
ci|iiljite  to  settle,  the  angle  of  inclination  possessed  by  the  funnel,  and 
the  aizt!  of  the  filter  were  the  same  in  all  the  ex[)erimenta.  All  the  pre- 
dpilalca  were  wa&hed  with  hot  water,  and,  after  burning  the  filter,  igni- 
t«id  orer  a  blast-lamp  for  a  few  minutes ;  in  weighing,  the  platinum 
enudlile  waa  tared  by  one  of  about  equal  weight,  and  the  position  of 
cqiiltibritim  of  the  beam  determined  by  >dbrationa^ 

I   first  attempted    to  filter  one   of    the  precipitates   in  the   ordi* 


way. 


^  amounted  to  2 ;  and  consequently,  &om  the  table^  8'4 
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fresh  additioxiB  of  water  were  required  in  order  to  wash  the  precipitate 
to  the  TTriirir  P^"^    ^®  times  required  were  as  follows : — 

In  transferring  the  precipitate  from  the  beaker  )    4(/ 

and  allowing  it  to  drain f 

For  the  first  addition  of  water  to  run  through,       48 
"      second  "  «  70 

«      third  "  "  80 

Total  length  of  time 238 

At  this  point  the  experiment  was  discontinued,  as  the  filtrate  became 
turbid.     A  second  experiment  failed  frt)m  the  same  cause. 

Accordingly  I  attempted  to  wash  the  precipitate  bj  decantation. 
The  volume  of  the  precipitate  amounted  to  about  30  cub.  centims. ; 
the  quantity  of  water  required  to  fill  the  beaker  was  seven  times  the 

V 

volume  of  the  precipitate ;  hence  —  was  7,  and  the  requisite  number 

V 

of  decantations  to  reduce  the  amount  of  impurity  to  the  77^77  P'^  ^'^^ 
5*2.     The  times  observed  were  as  follows : — 

II. 

For  the  first  decantation  to  run  through  the  filter. . . .  W 

"       second  a         «  a  12 

"       third  "         "  "  18 

«       fourth  a         u  u  15 

"       fifth  «         «  tt  18 

In  transferring  the  precipitate  to  the  filter 30 

Time  required  in  washing 108 

Weight  of  the  precipitate 0*2458  grm. 

Volume  of  wash- water  nV 1050  cub.  centims. 

in. 

Hxperiment  repeated.     Number  of  decantations  7.     Other  circum- 
stances the  same  as  in  the  foregoing  determination. 

Time  nH]\ured  in  washing HO' 

Weight  of  the  precipitate 0*2452  grm. 

Volume  of  wash-water 1200  cub.  centims. 

IV. 

After  ten  decantations. 

Time  requinnl  iu  washing ISC 

Weight  v>f  the  precipitate 0*2443  grm. 

Volume  of  ^-ash-vrater 1750  cub.  centiina. 

By  filtrativnx  with  the  pUtinum  cone  and  the  pomp  the  following 
re«ult«  wen*  obtaxutnl : — 

V. 

In  trju\sf>mng  the  pr«Hi|>itate  to  the  filter  (17  cuK  cmtima.  )     ^^ 
wiktert f    ^ 
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For  the  first  addition  of  water  (25  cub.  cent.)  to  run  fcbrough,  2' 
«        second  "  «  "  3 

«         third  «  "  «  2 

"         fourth  «*  «  «  2 

«         fifth  "  "  «  2 

In  draining  the  precij^tate 2 

Time  required 19 

Weight  of  precipitate 0*2435  grm. 

Volume  of  wash-water 142  cub.  centims. 

Pressure  of  manometer 0*576  metre. 

YI. 

In  transferring  the  precipitate  and  allowing  the  water  (18  cub.  oen- )   g/ 

tims.)  to  run  through J 

For  the  first  addition  of  water  (25  cub.  cent.)  to  run  through 4 


second 
*«       third 
«       fourth 


In  draining  the  precipitate 1 

Time   required 28 

Weight  of  precipitate 0*2434  grm. 

Volume  of  wash-water 118  cub.  centims. 

Pressure 0*600  metre. 

VII. 

In  transferring  the  precipitate  and  allowing  the  water  (20  cub. )  ,, 

centims.)  to  run  through ) 

For  the  first  addition  of  water  (25  cub.  cent.)  to  run  through 3 

**       second  "  "  "  "       3 

"       third  ^  «  "  "       3 

In  draining  the  precipitate 3 

Time  required 16 

Weight  of  precipitate 0*2432  grm. 

Volume  of  wash-water 95  cub.  centims. 

Pressure 0*584  metre. 

VUL 

In  transferring  with  25  cub.  centims.  of  water 8' 

For  the  first  addition  of  25  cub.  centims.  to  run  through 5 

For  the  second  addition  of  25  cub.  centims.  to  run  through 5 

In  draining  the  precipitate 3 

Time  required 21 

Weight  of  precipitate 0*2435  grm. 

Volume  of  wash-water 72  cub.  centims. 

Pressure 0*593  metre. 
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rx. 

In  trannforring  with  15  cub.  centims.  of  water  and  allowing  it  to  )  ,^/ 

run  through ) 

For  a  Hinglo  addition  to  run  through 3 

Jii  draining  tho  precipitate 2 

Time  required 12 

Weight  of  precipitate 0*2439  grm. 

Volume  of  wash-water 41  cub.  oentinis. 

]*roHh\uo 0-672  metre. 

X. 

In  traiiHferring  the  pi-ecipitate  with  13  cub.  centims.  of  water 5' 

For  a  single  addition  of  water  (26  cub.  cent.)  to  run  through 8 

lu  draining  tlio  precipitate 1 

IHmo   rtHpiired 14 

Weight  of  precipitate 0*2439  grm. 

Vidumo  of  >^-ash-wat<^r 39  cub.  centims. 

Pn^saure 0*530  metre. 

lu  WHHlung«  by  metuis  of  decantation,  in  the  ordinary  manner,  the 
amounts  of  ohrv^mium  sosquioxide  found  were  as  follows : — 

IK  0*«4«VS  aftor  •^  decantations,  washed  to  the  ^t^^  part 

0  :.MM  lueaix. 
l^y  tho  U3ii*^  of  tho  puiwp : — 

\\  0^l.^\  AtVr  ^  additions  of  water. 


VK  OxMs^4 

*     4 

VIK  0-M.^i 

-     ;^ 

VUK  OiMs^> 

«%         O                  M 

l\.  K^iM.^^ 

**     I  :KLvi::iv>Q  v>f 

\.  0  l^K<^ 

-     I 

0  i*^C^^^  tt^e^jux. 
Uo*^v  \>.o  i^^vNaV^c  A/,iv^v.9  oi  v*c.rvaLixaL  :$»ft«qT£kvdde  contained  in  the 

^V\N%\U'.V^  lis*  ^,V  nvv\  iws.'^biNvi  oi  ioc*i=*ca.*flL  ii  w:w  scaoewkat  higher, 
XNA^^-SN  V*  ^"^^  V  ^^^UK  l*^^s  N-vw^ssi  o«  Iv  »;il*iapraatafc?  s^ws  ikat  ibe  adhe- 
«kvNM  vvi'  \  V  *^^^^^A^  ^Wk.*;;vi>^  Vv^  ^ie  ^r:xt?t"S»:if  ami  «»>  tk<e  filter  ij^  in 
s\>;sw,\^',4%^a^v  c4;  v^o  j^^x-H.vr  y^\ts*u,rr*».  :nv-r*  wtiolx  «>T«rccaae  in  tlie  new 
¥K^^Nsi>^o<  ^A  vW  >x^^N*\-y:tv*.  H  yt\v\>BSv  t:  iCc^r^  taaer^M:^^  tlkat  we  ^*^^ 
v'>*^',\^  .^  vus'iv  yxstti^^vsv  %  >fcNi>-v^  >*  xa«*  :t«f w  scrabca  '^^^^^  bT  tlie  old. 
\1k*  xCki  vsiswwx  >.^JC  U^x>4^t,v^.,v'it  '^v'^-"'!>t  "  .*c>  oiiacKiM^  «'r>i  l»>oO  cube  cen- 

*^\*^>,    OJk    >fc*<Hsi     IK''  ssi^^    A  >>n^>a::ijc  ,»,^  ,iv  T^TlT  '•TS  -    ^*t  ^C^,  OQ  the 

svvuAH^v  >^>  ^  -^  >^^  U  ^.*ii.A-wv  A-axi  :tv'c  »»«w  ^amL  3S^  «»  41  cub.  een- 
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BuxsEK^s  Method  op  Drying  akd  Xo^triao  rREciPiTATEs. 

If  a  precipitate  be  heated  in  a  platinum  crucible  immediately  afler 
filtration  by  the  older  process,  a  portion  will  inevitably  be  projected  out 
of  the  cnicible.  Hitherto,  therefore,  it  has  been  necessary  to  dry  the  filter 
and  precipitate  before  ignition.  Now  to  dry  a  quantity  of  hydrated 
ekromium  sesquioxide  containing  0*2436  gnn,  Cr^'O*  in  a  water- bath  at 
100**  C.  requires  at  least  five  hours;  and,  moi-eover,  bringing  the  dried 
precipitate  into  the  crucible,  burning  the  filter,  and  gradually  igniting 
the  majss  is  in  the  highest  degree  tedious  and  troubleBome.  All  this  ex- 
penditure of  time  and  labor  n^y  be  saved  by  employing  the  new  method. 
By  its  means  a  precipitate  is  as  completely  dried  upon  the  filter  in  from  1 
to  5  minutes  as  if  it  had  been  exposed  from  5  to  8  hours  in  a  drying-cham- 
ber ;  and  it  can  immediately,  filter  and  all,  be  thrown  into  a  platinum  or 
porcelain  crucible  and  ignited  without  the  slightest  fear  of  its  spurting. 
By  operating  in  the  following  manner  the  filter  burns  quietly  without 
flame  or  smoke  ;  this  phenomenon,  although  remarkable,  easily  admits  of 
an  explanation.  The  portion  of  filter-paper  free  from  precipitate  is 
tightly  wrapped  round  the  remainder  of  the  filter  in  such  a  maimer  that 
the  precipitate  is  envelo]>ed  in  from  four  to  six  folds  of  clean  paper. 
The  whole  is  then  dropped  into  the  platinum  or  porcelain  crucible  lying 
obUqnely  upon  a  triangle  over  the  lamp,  and  pushed  down  against  its 
sides  with  the  finger.  The  cover  is  then  supported  against  the  mouth 
of  the  crucible  in  tlie  ordinary  way,  and  the  ignition  commenced  by 
hettting  the  portion  of  the  crucible  in  contact  with  tlie  cover.  Wlieo 
Uife  flame  has  the  proper  size  and  position,  the  filter  carbonizes  quietly 
without  any  api>earance  of  fiame  or  considerable  amount  of  smoke. 
When  the  carbonization  proceeds  too  slowly,  the  fiame  is  moved  a  little 
toward  the  bottom  of  the  crucible.  After  some  time  the  precipitate 
be  surrounded  only  by  an  extremely  thin  envelope  of  carbon^ 
:actly  the  form  (of  coui*se  diiiiiimhed  in  size)  ot  the  original 
LO  flame  is  then  increased,  and  the  crucible  iiiaintaiiied  at  a 
bright-red  heat  until  the  carbon  contained  in  this  envelope  is  consumed. 
The  combustion  proceeds  bo  quietly  that  the  resulting  ash  surrounding 
the  precipitate  possesses,  even  to  the  smallest  fold,  the  exact  form  of 
the  original  filter.  If  the  ash  shows  here  and  there  a  dark  color,  it  is  sim- 
ply neoessanr  to  heat  the  crucible  over  a  blast-lamp  for  a  few  mitiutes 
to  etfect  the  complete  removal  of  the  trace  of  carbon.  This  method  of 
burning  a  filter  is  extremely  convenient  and  accurate ;  it  is  only  necessa- 
ry to  give  a  little  attention  at  first  to  the  slow  carbonization  of  the  paper, 
aft«r  which  the  further  progress  of  tlie  operation  may  be  left  to  itself. 
~  Gelatinous,  finely  diWded,  granular,  and  crystalline  precipitates,  such 
!  alumina,  calcium  oxalate,  btirium  sulphate,  silica,  magnesium  ammo- 
nium phosphate,  ikc^,  may  with  equal  facility  be  treated  in  this  manner ; 
aa  that  even  in  this  particular  the  work,  in  comparison  with  the  method 
generally  adopted,  Ls  considerably  shortened  and  simplified. 

§  63,  c. 

Advantages  of  Buksen^s  New  Method. 

om  the  above  experiments  it  appears  that  the  time  necessary  to 
filter  and  dry  a  quantity  of  chromium  sesqidoxyd,  hitherto  requiring 
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about  7  hours,  k  reduced  by  the  new  method  to  13  minutas.  This  i 
ing  of  time  in,  moreover,  proportionately  greater  in  the  cade  of  precip 
tates  more  easily  filtered  than  hydrated  chromium  sesquioxide.  Pa 
cularly  is  this  so  in  8*^parating  a  finely  suspended  precipitate  from  ft  ^ 
large  volume  of  water.  Under  these  circumstances  the  clear  fluid  runs 
through  the  filter  in  a  continuous  stream,  so  rapidly  that  it  is  scarcely 
possible  to  maintain  the  supply  ;  the  entire  operation,  in  &ct,  requires 
scarcely  more  time  than  that  necessary  to  pour  a  liquid  from  one  vessel 
to  another.  Filtration,  therefore^  may  be  effected  &r  quickly  through  the 
smallest  as  through  the  largest  filter-  Moreover,  the  exceedingly  small 
amount  of  water  required  to  wash  a  precipitat^e  completely  renders  unne- 
cessary the  tedious  evaporations  which  by  the  older  method  are  almost 
inevitable  when  the  filtrate  is  needed  for  a  further  separation.  Thua 
the  introduction  of  impurities  from  the  action  of  the  liquid  upon  the 
dish  in  the  cour»e  of  evaporation  is  prevented  ;  and  also  the  loss  due  to 
the  slight  solubility  of  the  greater  mini  be  r  of  precipitates  in  the  wash- 
water  is  reduced  to  a  minimum.  Supposing  we  bad  to  analyze  an  alJu^ 
line  chromate  in  which  the  quantity  of  chromic  acid  is  equivalent  to 
0'2436  grm.  chromic  »esquioxide,  as  in  the  above  described  experi- 
ments, then  to  determine  the  pr<q>ortion  of  alkali,  we  should,  by  using 
the  older  method,  require  the  pr*jlimiimry  evaporation  of  about  1050 
cub.  centims,  of  liquid  ;  by  the  new  method  tlie  evaporation  of  40  cub. 
centims,  only  is  necessary.  Now  by  employing  the  water-bath,  with 
constant  water-level,  it  is  possible,  under  favoniblo  circumstanceR,  to 
evaporate  in  a  porcelaiu  diwh  1  cub.  contira.  of  water  in  27  seconds. 
Consequently  the  evaporation  of  tlie  filtrate  obtained  by  the  older 
method  would  occupy  about  eight  houra,  whilst  by  the  new  18  niinut«s 
only  are  required,  Tlie  total  length  of  time  needed  to  filter  the  chro- 
mium sesquioxide,  wash  ttnd  dry  the  precipitate,  and  evaporatet  the 
filtrate  is  reduced,  thei-^'fore,  fiT»m  14  or  15  hours  to  about  3*2  minutes. 

Experience  ha«  nhown  that,  on  the  average,  three  or  four  analyses  catt 
now  lie  made  in  the  time  formerly  demanded  by  a  single  one. 

Another  and  an  ineKtimable  advantage  springs  from  the  peculiar  con- 
dition of  a  precipitate  tilt*»rcd  by  this  method.  It  not  unfrequently 
hapjjens,  even  in  the  hands  of  experienced  manipulators,  in  conse- 
quence of  the  agitation  it  is  necessary  to  give  to  the  contents  of  the 
filter  to  effect  their  complete  washing,  that  the  surface  of  the  filter  be- 
comes injured  and  torn  so  that  the  precipitate  becomes  mixed  with  filn- 
ments  of  paper  j  this  is  particularly  the  case  in  using  hot  water.  Suppos- 
ing the  precipitate  to  consist  of  mixed  hydrates  of  the  fiesquio^ddes  (for 
example,  iron  and  alumina),  it  wi\]  be  foimd  on  rediasolving  in  an  acid, 
that  the  filaments,  like  tartaric  acid,  iirevent  the  complete  separation 
of  these  substances  by  subsequent  precijiitation  ;  thus  the  alumina  will 
contain  iron,  and  on  precipitation  by  means  of  ammonium  sul^ibide  will 
be  colored  black.  On  the  other  hand,  by  employing  the  new  method 
the  precipitate  coheres  so  firmly  that  the  introduction  of  this  source  of 
error  is  impossible,  even  by  using  common  gray  filter-paper.  The  most 
gelatinous  precipitates,  as  hydrated  fenic  oxide,  alumina,  (fee,  adhere  to 
the  filter  in  a  thin  coherent  layer,  and  may  be  removed,  piece  after 
piece,  so  completely  that  the  paper  remains  perfectly  clean  and  whit«. 
The  advantage  thus  gained  where  it  is  necessary  to  transfer  mixed  pre- 
cipitates to  another  vessel  in  order  to  effect  their  subsequent  separation 
is  evident 
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Since  the  bulk  of  the  moist  precipitates,  particularly  that  of  the  more 
gelAtiaouH,  is  so  miich  diminished  under  the  liigh  pressure,  the  precipi- 
tfftia  only  occupying  one-third  to  one-aixth  of  its  bulk  under  ordinary 
eircumstancefiy  t$  filter  of  one-third  to  one-sixth  of  the  size  usually  em- 
ployed toay  be  taken,  and  thus  the  amount  of  aali  proportionately  lea- 

§  53.  d. 

BuKSKjr's  Simplified  Exhausting  Apparatus. 

It  is  not  necessary  to  use  a  pump  as  powerful  as  that  described,  since 
of  10  or  15  feet  is  sufficient  to  filter  a  precipitate  according  to  the 
*e  describecl  method,  and  »o  far  to  dry  it 
that  it  can  be  immediately  ignited  in  the  cm- 
cible.  The  simple  aiTangement  represented  in 
fig,  45  answers  this  purpose.  It  consists  of  two 
eqxmi^hized  bottles,  a  and  a^,  of  from  2  to  4 
Uires  capaeityi  each  of  which  is  pro\dde(l  near 
the  bottom  with  a  small  stopcock  designed  to 
fi^pxlate  the  flow  of  water.  Suppose  a  filled 
witJi  water  and  placed  upon  a  shelf  oa  high 
aboTt)  the  ground  as  possible,  and  a'  placed 
empty  on  the  floor,  and  the  two  stopcocks  con- 
nected by  meana  of  caoutchouc  tubing  c,  then 
on  allowing  water  to  flow  down  the  tube  the 
air  in  the  upper  bottle  becomes  somewhat 
tnj^efied ;  and  in  order  to  employ  the  couAe- 
qttent  diflerence  in  pressure  (amoiuiting  to  a 
column  of  mercury  about  U*2  metre  in  height) 
for  the  purpose  of  filtration,  it  is  only  neces- 
aary  to  connect  the  mouth  of  the  upp?r  bottle 
with  the  tube  of  the  filter-flask,  ^\llen  the 
W3ftt49r  haa  ceased  to  flow,  the  position  of  the 
iioltle  ia  reversed,  when  the  operation  recom- 
iJSf*nc€!8,  So  small  a  pressure  as  0^2  metre 
mffioea  to  render  the  filter  and  its  contents  so 
flir  dtf  that  they  may  l>6  immediately  with- 
drawn from  the  fiumel  and  iguiteil  without  any 
otJieT  preliminary  desiccation.  The  following 
experiment^  made  with  a  portion  of  the  same 
solution  of  chromium  used  in  the  former  deter* 
MMli0ns,  will  serve  to  show  the  saving  of 
tiawcifected  by  this  simple  aiTangement : — 
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Trwiafinring  the  precipitate  with  14 
cob,  centims.  of  water. 

For  M  single  addition  of  26  cub«  centima. 
of  wmBh-^waier  to  run  through ...... 

To  dnln  the  precipitate 4 


Fig.  45. 


nme  req[iiired  in  washings 


25 


'oSiUTioirs,  [§  ^ 

Weight  of  the  precipitate ♦ , , 0*24:35  gnu. 

Volume  of  wash- water 40  cub,  centims. 

Pre&aui-e  in  manometer. .,..,...., , , .  •  ,0'1S4  metre. 

This  amount  of  ckromium  sesquioxide  (0*2435  grm.)  differs  from  tl 
mean  of  the  former  experiment  (0*2436  grm.)  by  one-tenth  of  a  mil 
gramme  only,  and  tihowB  that  even  by  a  piTsaiire  of  0"  184  metre  the  wash^ 
ing  i^  as  complete  by  the  single  addition  of  26  cub,  centims,  of  wat^^r,. 
Tlie  duration  of  the  filtering  process  in  the  former  experiments  ranged 
from  12  to  14  minutes  under  a  difference  of  pressure  amounting  t43  frond 
0*53   to  0-572   metre;  in  the   last  experiment  it  required  25  miuut 
under  a  pressure  of  0*184  metre,  or  about  double  the   length  of  tim^ 
The  time  needed  to  analyze  potassinm  chroma te  in  the  former  case  was 
reduced  from  1 1  hours  to  32  minutes ;  by  the  latter  method  the  reduo- 
tion  would  be  from  14  hours  to  44  minutes. 

§  54. 

6.  ANALYSIS  BY  MeASCKE   (VOLUMETRIC  ANALYSIS). 

The  principle  of  volumetric  analysis  has  been  explained  already  in 
"  Introduction,''  where  we  have  seen  how  the  quantity  of  protoxide 
iron  present  in  a  fluid  may  be  determined  by  me*ns  of  a  solution  of 
permanganate  of  potiifisa,  the  value  of  which  has  been  previously  ascer- 
tained by  observing  the  quantity  required  to  oxidize  a  known  amount 
of  protoxide  of  iron. 

In  order  to  make  the  matter  aa  clear  as  possible  I  will  here  adduce  a 
few  more  examples.  | 

Suppose  we  have  prepared  a  solution  of  chloride  of  sodium  of  such  a 
strength  that  100  c.  c.  will  exactly  precipitate  1  gmi.  silver  from  its 
solution  in  nitric  acid,  we  can  use  it  to  estimate  unknowTi  quantities  of 
silver.  Let  us  inu^bie,  for  instance,  we  have  an  aOoy  of  silver  and 
copper  in  unknown  proportion,  we  dissolve  1  grm*  in  nitric  ai-id,  and 
add  to  the  solution  our  Kohition  of  chloride  of  sodium,  drop  by  drop, 
untO  the  whole  of  the  silver  in  thrown  down,  and  an  additional  drop 
fails  to  produce  a  further  precipitate.  The  amount  of  silver  present 
may  now  be  calculated  from  tlit;  amount  of  solution  of  chloride  of 
sodium  used.  ThuH,  supposing  we  have  used  80  c.  c,  the  amount  of 
diver  present  in  the  alloy  is  80  per  cent. ;  since,  as  100  c.  c.  of  the  solu- 
tion of  chloride  of  sodium  will  throw  dowu  1  grm.  of  pure  silver  (i.e. 
of  100  per  cent.),  it  follows  that  every  c.  c.  of  the  chloride  of  sodiui^f^J 
solution  corresponds  to  1  per  cent,  of  silver.  ^H 

Anotlier  example.  It  is  well  known  that  iodiue  and  sulphuretted  bydfJ^^ 
gen  cannot  exist  together  :  wheuever  these  two  substanoes  are  brought 
in  contact,  decomposition  immediately  ensues,  tlje  hydrogen  separating 
from  the  sulphur  and  combining  with  the  ioiline  (1  -f  HS  =  HI  4-  S). 
Hydriodie  acid  exercLnes  no  action  on  starch-paste,  whei-eas  the  least 
trace  of  free  iodiue  coloi-s  it  blue.  Now,  if  we  prepare  a  solution  of 
iodine  (in  iodide  of  potaj^sium)  containing  in  100  c.  c.  0*7470  gnn,  iodine, 
we  may  with  this  decompose  exactly  0-1  grm.  sulphuretted  hydrogen^ 
for  17  :  127  ::  0-1  :  0"7470.  Let  us  suppose,  then,  we  have  before  us  a 
fluid  containing  an  unknown  amount  of  sulphuretted  hydrogen,  wbich 
it  is  our  intention  to  determine.  We  add  to  it  a  little  starch -past<*,  and 
then,  drop  by  droji,  our  sohiUoa  of  iodine,  untiJ  a  persistent  blue  colo- 
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mtion  of  the  fiuid  indicates  tbe  formation  of  iodide  of  starch,  and  hence 
the  '     I"  decomposition  of  the  sulphuretted  hyibxigen.     The  amount 

of  ^  nrigijially  present  in  the  fluid  nmy  now  he  readily  calculated 

from  tliu  aiutmnt  of  solution  of  iodine  used.  Say,  for  instance^  we  have 
UAed  50  c.  c.  of  iodine  solution,  the  fluid  contained  originally  0*05  sul- 
phqrctted  hydrogen;  since,  aa  we  have  seen,  100  c.  c.  of  our  iodine 
solution  will  decompose  exactly  0*1  gmi.  of  that  body. 

Solutions  of  accurately  known  com}  jo  nit  ion  or  Htrength,  used  for  the 
jp«ui^)oaeK  of  volumetric  analj^'sis,  are  called  gidudard  solutions,     Tli^y 

Ly  be  pix^pared  in  two  ways,  visj.,  (r/)  by  diHsoKdng  a  weighed  r quantity 
^A  substance  in  a  definite  volume  of  fluid  ;  oi*  (h)^  by  fii-st  preparing  a 
miitably  concentrated  Bolution  of  tbe  reagent  required,  and  then  deter- 
mining its  exact  strengtli  by  a  serii*a  of  experiments  made  with  it  upon 
weighed  quantities  of  the  body  for  the  determination  of  which  it  is  in- 
tended to  be  used. 

In  the  preparation  of  standard  solutions  by  method  ei,  a  oeii^ain  defl- 
nite  strength  is  adopted  once  for  all,  which  is  usually  based  upon  the 
principle  of  an  exact  corre^ipondcnce  betwc^m  tlie  nuu^ber  of  granmies 
of  the  reagent  contained  in  a  litre  of  the  fluid,  and  the  equivalent  num- 
ber of  tbe  reagent  (H  =  l),  In  the  case  of  staudard  aolutionH  jueparod 
hy  method  h^  this  may  al3f>  be  easily  done,  by  diluting  U)  the  required 
degree  the  still  somewhat  too  concentrated  solution,  after  having  accu* 
lutely  determined  i\^  strength  ;  however,  i\h  a  rule,  this  latter  pix>cess  i« 
only  resorted  to  in  technical  analyses,  whei*e  it  ia  desirable  to  avoid  all 
orinilttfcioii.  Fluids  wliich  qontain  the  eq.  number  of  grammes  of  a  sub- 
stuioe  i&  one  litre,  are  called  nm'mal  tiolutians*  those  winch  contain  ^^ 
of  this  qiumtity,  dednormal  aoiiUum^, 

The  diftermination  of  a  standard  solution  intended  to  he  used  for  vob 
e  analysis  is  obviously  a  most  inq»ortant  opemtion ;  since  an^ 
in  this  will,  of  course,  necessaiily  falsity  every  analybifi  niaibs  with 
ii.  In  scientitic  and  accurate  researches*  it  is,  therefore,  always  ad^^sa* 
blc,  whenever  practicable,  to  examine  the  standai^d  solution — no  matter 
whether  prepared  by  method  «,  or  by  metliod  t,  with  subsequt^nt  dihi- 
|HIIi  t4>  the  requii^tl  degi-ee — by  experimenting  with  it  upon  accurately 
Vbighed  quantities  of  the  body  for  the  detennination  of  which  it  is  to 
'be  xtaed. 

In  the  previous  remarks  I  have  made  no  diflerence  between  fluids  of 
known  composition  and  those  of  known  power ;  and  tins  hasi  liithcrto 
l>een  Ufiuah  But  by  accepting  the  two  expressions  as  Hyuoiiyuious,  wo 
take  for  gnintcd  th.^t  a  Huid  exercises  a  chemical  action  exactly  eorre»- 
spondiug  to  the  amount  of  dissolved  substance  it  contains — that,  for  in- 
}(tance«  a  solution  of  chloride  of  sodium  containing  I  ec[.  Na  CI  will  [ji-e- 
dpitatc  exactly  1  ecj.  silver.  This  presinji]>tion,  liowever,  is  very  often 
not  absolutely  correct,  as  will  be  shown  with  rcfi::reuce  to  this  very  ex- 
ample^  §  115,  6,  5.  In  such  cascn,  of  coui^e,  it  is  not  mert^ly  advisable, 
but  even  absolutjely  necessary,  to  determine  the  strength  of  the  fluid 
by  experiment,  although  the  amount  of  the  reagent  it  contains  nmy 
be  exactly  known,  for  the  power  of  the  Muid  can  lie  inferred  from  its 
ocnnpoaition  only  approximately  and  not  with  perfect  exactness.  If  a 
staiKl&rd  solution  keeps  unaltered,  this  is  a  great  advimtage,  as  it  dis- 
fMoaeii  with  the  necessity  of  determining  its  strength  before  every  fresh 

Thftt  particular  change  in  the  fluid  operated  upon  by  means  of  a 
6 


82  OPESATIOBB.  [§  54. 

standard  solution  which  marks  the  completion  of  the  intended  decom- 
position, is  termed  the  final  reaction.  This  oonsists  either  in  a 
change  of  color,  as  is  the  case  when  a  solution  of  permanganate  of 
potassa  acts  upon  an  acidified  solution  of  protoxide  of  iron,  or  a  solu- 
tion of  iodine  upon  a  solution  of  sulphuretted  hydrogen  mixed  with 
starch  paste;  or  in  the  cesscUion  of  the  formation  of  a  precipitate  upon 
further  addition  of  the  standard  solution,  as  is  the  case  when  a  stand- 
ard solution  of  chloride  of  sodium  is  used  to  precipitate  silver  from 
its  solution  in  nitric  acid  ;  or  in  incipient  precipUalion,  as  is  the  case 
when  a  standard  solution  of  silver  is  added  to  a  solution  of  hydrocyanic 
acid  mixed  with  an  alkali ;  or  in  a  change  in  the  action  of  the  examined 
fluid  upon  a  particular  reagent,  as  is  the  case  when  a  solution  of  arsen- 
ite  of  soda  is  added,  drop  by  drop,  to  a  solution  of  chloride  of  lime, 
until  the  mixture  no  longer  imparts  a  blue  tint  to  paper  moistened  with 
iodide  of  potassium  and  starch-paste,  <S:c. 

The  more  sensitive  a  final  reaction  is,  and  the  more  readily,  posi- 
tively, and  rapidly  it  manifests  itself,  the  better  is  it  calculated  to  serve 
as  the  basis  of  a  volumetric  method.  In  cases  where  it  is  an  object  of 
great  importance  to  ascertain  with  the  greatest  practicable  precision  the 
exact  moment  when  the  reaction  is  completed,  the  analjrst  may  some- 
times prepare,  besides  the  actual  standard  solution,  anoUier,  ten  times 
more  dilute,  and  use  the  latter  to  finish  the  process,  carried  neaiiy  to 
completion  with  the  former. 

But  a  good  final  reaction  is  not  of  itself  sufficient  to  afford  a  safe  basu 
for  a  good  volumetric  method ;  this  requires,  as  the  first  and  most  in- 
dis[>ensable  condition,  that  the  particuliur  decomposition  which  consti- 
tutes the  leading  point  of  the  analytical  process  diould — at  least  under 
certain  known  circumstances — remain  unalterably  the  same.  Wherever 
this  is  not  the  case — where  the  action  varies  with  the  greater  or  less 
d<^ree  of  concentration  of  the  fluid,  or  according  as  there  may  be  a  little 
more  or  less  frt?e  acid  present ;  or  according  to  the  greater  or  less  rapid- 
ity of  action  of  the  standard  solution ;  or  where  a  precipitate  formed  in 
the  course  of  the  process  has  not  the  same  composition  throughout  the 
operation — the  ba^ds  of  the  volumetric  method  is  fiEdlacious,  and  the 
method  itself,  therefore,  of  no  value. 


For  general  mformation  respecting  reagenta,  I  refer  the  student  to  mj 
volume  on  *'  QiialitAtive  Analysis/' 

The  instructions  given  here  will  be  confined  to  the  preparation,  testing, 
And  most  important  uses  of  those  chemical  aubatanceB  which  Bubserve 
prindjmUy  and  more  exclusively  the  purposes  of  quantitative  analysis. 
ThooB  reagents  which  are  employed  in  qualitative  investigatioDB,  having 
been  treiUed  of  alrt-aily  in  the  volume  on  the  qualitative  branch  of  the 
mcalytical  science,  will  therefore  be  simply  mentioned  here  by  name. 

The  reagents  used  in  quantitative  analysis  are  properly  arranged  under 
the  following  heads  : — 

vi*  Keagents  for  gravimetric  analysis  in  the  wet  way. 

B*  Keagents  for  gravimetric  analysis  in  the  dry  way. 

O,  Reagents  for  volumetric  analysis. 

D,  Keagents  used  in  organic  analysis. 

The  mode  of  preparing  the  fluids  used  in  volumetric  analysis,  will  be 
found  where  we  shall  have  occasion  to  speak  of  their  application. 

A.  BEAGENTS  FOR  GRAYIilETRIC  AKALYSIS 
IN  THE  WET  WAY. 

1  SIMPLE  SOLVENTS, 

§66. 

L  Distilled  Water  (see  "  QuaJ.  Anal.*'). 

Water  intended  for  quantitative  investigations  must  be  perfectly  pure. 
Water  distilled  from  glass  vessels  leaves  a  residue  upon  evaporation  in 
a  platinum  vessel  (see  experiment  No.  5),  and  is  therefore  inapplicable 
for  niany  purposes;  as, for  instance,  for  the  determination  of  the  exact 
liegree  of  solubility  of  sparingly  soluble  substances.  For  cei-tain  uses  it 
is  necessary  to  free  the  water  by  ebullition  from  atmospheric  air  and  car- 
bomc  add. 

2.  Alcohol  (see  "  Qual.  Anal."). 

a.  Absolute  alcohol,  b.  Rectified  spirit  of  wine  of  various  degrees  of 
si^'i^gth. 

3.  Ether. 

The  application  of  ether  as  a  solvent  is  very  limited.  It  is  more  fre- 
qnently  uaed  mixed  with  spirit  of  wine,  in  order  to  dinnniah  the  solvent 
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power  of  the  latter  for  certain  substances,  e.g.^  bichloride  of  platinum 
and  chloride  of  ammonium.  The  ordinary  ether  of  the  shops  will  answer 
the  purpose. 

II.  ACIDS  AND  HALOGENS. 

a.    Oxygen  Acids. 

§67. 

1.  Sulphuric  Acid. 

a.  Concentrated  sulphuric  acid  of  the  shops. 

b.  Concentrated  pure  sulphuric  acid. 

c.  Dilute  sulphuric  acid. 

See  "  Qual.  Anal." 

2.  Nitric  Acid. 

a.  Pure  nitric  acid  of  1'2  sp.  gr.  (see  **  Qual.  Anal.^). 

(.  Red  fuming  nitric  acid  (concentrated  nitric  acid  containing  ■ome 
hyponitric  acid). 

JPrtparaUan. — ^Two  parts  of  pure,  dry  nitrate  of  potasaa  are  introduced 
into  a  capacious  retort,  and  one  part  of  concentrated  sulphuric  add  is 
added  either  through  the  tubulure  of  the  retort,  or  if  a  common  non- 
tubulated  one  is  used,  through  the  neck  by  means  of  a  long  funnel-tube 
bent  at  the  lower  end,  carefully  avoiding  soiling  the  neck  of  the  retort. 
The  lattor  being  put  into  a  vessel  filled  with  sand,  or,  better  still,  with 
iron  turnings,  is  then  connected  with  a  receiver,  but  not  quite  air-tight. 
Tho  distillation  is  conducted  at  a  gradually  increased  heat,  and  carried 
to  dryness.  Tlie  cooling  of  the  receiver  must  be  properly  attended  to 
during  the  distillation.  In  the  preparation  of  small  quantities,  the  re- 
tort is  placed  on  a  piece  of  wii^e-gauze,  and  heated  with  charcoal ;  in  this 
proctv^s  it  is  always  ad\Hsable  to  coat  the  retort  by  repeated  application 
of  a  thin  |Mi.st«  made  of  clay  and  water ;  a  little  borax  or  carbonate  of 
80<la  should  be  added  to  the  water  used  for  wM^l^ng  the  paste. 

7V,«^«. — Htnl  fuming  nitric  aciil  must  be  in  a  state  of  the  greatest  possi- 
ble ctnu»ntration,  and  j^rfectly  firee  from  sulphuric  acid-  In  order  to  de- 
t<H?t  minute  tnuvs  of  the  lattor,  evaporate  a  few  c.  c  of  the  specimen  in  a 
pi^reelaiu  dish  nearly  to  dryness,  dilute  the  residue  with  water,  add  some 
chloride  of  Ivarium,  and  ol^serve  whether  a  pr(K::ipitate  forms  on  standing. 

?  V«. — A  }x»wi»rful  oxidizing  asent  ami  solvent ;  it  serves  more  espe- 
cially to  convert  sul|Uiur  and  metallic  sulphides  into  solphuiie  acid  and 
«ul|4Mit««  rwtpeotiwly, 

S,  AoKTio  AoiD  (j»ee  **  QuaL  AjiaL'^. 
i.  TxRTARio  Acid  ^see  ••  QuaL  AjiaL"^. 

K   IFy<fn\?fn  Ad  J*  amJ  Salogeau. 

\.  H\DRtVHi.ORio  Ao:d. 

.».  T\iwk  hyvlrvvhlvmo  aoid  of  M:iJ  sjv  p-.  (we  ^  QuaL  AnaL**). 

K  l\iw*  fumiixg  h}-\ir^x"hlorio  *oid  of  aK>ut  1-lS  sp.  gr. 

/>yi>»fr^»/i,^^-  As  in  **  QuaL  AnjiL"  ^  i^t*,  with  this  modificatioD,  how- 
ever, that  owly  ,^  w  4  wurt»  of  waiter,  in5t«ad  <4  6,  are  put  into  the  re- 
CMTw^  tt^  4  f*rta  of  diUwwk'  of  ac^dium  in  tlie  nrtort   Tbe  greatest  oaie 
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be  taken  to  keep  the  receiver  cool,  and  to  cliango  it  as  soon  as  the 
Elbe  througU  which  the  gaa  is  conducted  into  it  begins  to  get  hot»  since 
it  is  now  no  longer  hydrochloric  acid  gas  which  passes  over,  but  an 
mi^ueous  soltition  of  the  gas,  in  form  of  vapor,  wliich  would  simply  weaken 
the  funiing  acid,  if  it  were  allowed  to  mix  i^^ith  it, 

Teitts, — The  fuming  acid  must,  for  niariy  purposes,  be  pei'fectly  free 
Iroin  chlorine  and  stdphurous  acid*  For  the  mode  of  testing  for  tliese 
impurities,  see  "  Qual,  Anal."  loc.  cit.  Test  for  sulphuric  acid  as  under 
Nitric  Acid,  previous  page. 

CW*. — Fuming  hydrochloric  acid  has  a  much  more  energetic  action 
tk&n  the  dilute  acid ;  it  is,  therefore,  used  instead  of  the  latter  in  cases 
where  a  more  rapid  and  energetic  action  is  desirable. 

2.  Hydrofluoric  Acid. 

This  is  employed  for  the  decomposition  of  silicates  and  borates,  some- 
times in  the  gaseous  form,  sometimes  in  the  condition  of  aqueous  solu- 
tion. In  the  first  case,  the  substance  to  be  decom[>osed  is  introduced  into 
the  leaden  box,  in  which  the  hydrofluoric  gas  is  being  generat^ed ;  in  the 
latter  case,  we  must  first  prejiai'e  the  aqueous  acid.  The  raw  material 
empihiyed  is  fluor  spar  or  krj^oLite  (LruoLDT*).  Both  are  first  finely  pow- 
dered, and  then  ti-eated  with  concentrated  Bulphuric  acid.  To  1  part 
kryolite,  2  J  parts  sulphuric  acid  are  use4 ;  to  I  \Mirt  fluor  spar,  2  parts 
sulphuric  acid  are  used.  If  the  latt<?r  is  employed,  allow  the  mixture  to 
stAnd  in  a  dry  place  for  several  days,  stiiTtag  every  now  and  then,  so 
that  the  silicic  acid  (which  is  generally  contained  in  fluor  spar)  may  first 
eacape  in  the  form  of  fluosilicic  gas.  Convenient  distillatory  apparatus 
have  been  described  by  Luboldt  (lot\  cit.)  and  by  11,  BRiEGLEB.f  The 
latter  commends  iti^elf  esj>ecialiy  on  account  of  its  relatively  small  cost.  It 
cotnsists  of  a  leaden  retort,  with  a  movable  leaden  top,  which  can  be  luted 
on.  The  receiver  belonging  to  it  is  a  box  of  lea  J,  with  a  tiibulnre  at  the 
?,  into  which  the  neck  of  the  retort  just  enters.  The  cover  of  the 
!>i%*er  is  raised  conical,  and  is  provided  at  the  top  with  an  exit  tube 
of  lead.  In  the  receiver  a  platinum  dish  containing  water  in  placed,  all 
jointa  ore  luted,  and  the  retort  is  carefully  heated  in  a  8and-V>atii.  The 
aqtieous  hydrofluoric  acid  found  at  the  end  of  the  operation  in  the  plati- 
num dish  is  perfectly  pure.  The  small  quantity  of  inipui*e  hydrofluoric 
a<  'i  collects  on  the  bottom  of  the  receiver  is  thro^Ti  away.     The 

hv  ic  acid  must  entirely  volatilize  when  heated  in  a  platinum  dish 

om  s  water-bath.  The  pure  acid  givef?  no  precipitate  when  neutralized 
witik  potash,  while  siLicofluoride  of  potassium  sepiirates  if  the  acid  con- 
tains hydroflnosilicic  acid.  The  acid  is  best  preserved  in  gutta-percha 
bottles,  aa  recommended  by  Stadeler.  The  greatest  caution  must  be 
obaerved  in  preparing  this  acid^  since,  whether  in  the  fluid  or  gaseous 
OOHditaoTLi  it  is  one  of  the  most  injurious  substances, 

3.  CffLORiNE  AND  CHLOHfXE-wATER  (see  "  Qual.  Anal."). 
i,  KiTBO-H\T)RocHLORic  AciD  (see  '*  Qual.  Anal.'*). 

5.    HYDROFLtTOSILIClC  AciD  i 


(» 


'Qual. 


')- 


c.    JStdphur  Acids, 
1.  HTDBOSiTLPHimTC  AciD  (see  "Qual.  Anal."). 

•  Jottm.  fur  prakt.  Cbcm.,  76,  880. 
t  AnnaL  d.  Chem.  u.  Phonn.,  Ill,  dSOl 
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in.  BASES  AND  METALS. 

<>•   Oxygen  JBom*  and  MeUit. 

§69. 

a.   Alkalies. 

1.  PoTABSA  AND  SoDA  (see  '^  QoaL  Anal.^). 

All  the  three  sorts  of  the  caustic  alkalies  mentioned  in  the  qualitative 
part  are  required  in  quantitative  analysis^  viz.,  common  solution  of  soda, 
hydrate  of  potassa  purified  with  alcohol,  and  solution  of  potassa  prepared 
with  baiyta.  Pure  solution  of  potassa  may  be  obtained  also  by  hating 
to  redness  for  half  an  hour  in  a  copper  crucible,  a  mixture  of  1  part  of 
/nitrate  of  potassa,  and  2  or  3  parts  of  thin  sheet  copper  cut  into  small 
^  pieces,  treating  the  mass  with  water,  allowing  the  oxide  of  copper  to 
subside  in  a  tall  vessel,  and  removing  the  supernatant  dear  fluid  by 
means  of  a  syphon  (Wohler).* 

2.  Ammonia  (see  '^  Qual.  Anal.'^). 

jS.  AlkaliiM  JSarths. 

1.  Babyta  (see  "  Qual.  Anal."). 

2.  Lime. 

Finely  divided  hydrate  of  lime  mixed  with  water  (milk  of  lime),  is 
used  more  particidarly  to  effect  the  separation  of  magnesia,  &c.,  from  the 
alkalies.  Milk  of  lime  intended  to  be  used  for  that  purpose  must,  of 
course,  be  perfectly  free  from  alkalies.  To  insure  this  the  hydrate 
should  be  thoroughly  washed,  by  repeated  boiling  with  fresh  quantities 
of  distiUed  water.  This  operation  is  conducted  best  in  a  silver  dish. 
When  cold,  the  milk  of  lime  so  prepared  is  kept  in  a  well-stoppered 
bottle. 

7.  Seavy  MetaU^  and  their  Oxides. 

§60. 
1.  Zinc. 

Zinc  has  of  late  been  much  used  as  a  reagent  in  quantitative  analfsis. 
It  serves  more  especially  to  effect  the  reduction  of  dissolved  sesquioxide 
of  iron  to  protoxide,  and  also  the  precipitation  of  copper  from  the  solu- 
tions of  that  metal.  Zinc  intended  to  be  used  for  the  former  purpose 
must  be  free  from  iron,  for  the  latter  free  from  lead,  copper,  and  other 
metals  which  remain  undissolved  upon  treating  the  zinc  with  dilute 
acids. 

To  procure  zinc  which  leaves  no  residue  upon  solution  in  dilutei  sul- 

*  Hydrate  of  soda,  made  bj  acting  on  pure  water  bj  pure  sodium  and  ftasin^ 
in  silver  vessels,  is  to  be  had  cheaply  of  the  Magnesium  Metal  Company,  Salxord, 
Manchester,  England. 


§61] 
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phiiric  acid,  there  la  commonly  no  other  resource  but  to  re-distil  the  com- 
iDcrciJiI  article. 

This  is  effected  in  a  retort  made  of  the  material  of  Hessian  or  black- 
Irad  crucibles.  The  operation  is  conducted  iu  a  wind-furnace  with  good 
draughtw  The  neck  of  the  retort  must  hang  down  ua  pei^jendicular  aa 
|K>ssible.  Under  the  neck  is  placed  a  baiiin  or  smidl  tub,  filled  witli  water* 
The  distillation  begins  as  soon  as  the  retort  is  at  a  bright  i-ed  lieat.  As 
the  neck  of  the  retort  is  very  liable  to  become  choked  up  with  zinc,  or 
oxide  of  iinc,  it  is  necessary  to  keep  it  constantly  free  by  means  of  a 
pipe-stem.  The  zmc  obtained  by  this  re-distillation  is  nearly  or  cjiuite 
free  from  lead. 

Tf^ts, — ^The  following  is  the  simplest  way  of  testing  the  purity  of  zinc : 
dissolve  the  metal  in  dilute  sulphuric  acid  in  a  small  flask  provided  with 
a  gas-evolution  tube,  place  the  outer  Umb  of  the  tube  under  water,  and 
when  the  solution  is  completed,  let  the  water  entirely  or  partly  recede 
into  the  flask  ;  after  cooling,  add  to  the  fluid,  drop  by  drop,  a  sufficiently 
ililute  solution  of  permanganate  of  potussa.  If  a  drop  of  that  solution 
imparts  the  same  red  tint  to  the  sdnc  solution  ua  to  an  ef|ual  volimie  of 
wat4*r,  the  xinc  may  be  cotuadered  fn3e  from  iron.  I  prefer  this  way  of 
t*  purity  of  zinc  to  other  methods,  as  it  atfoids,  at  the  stirae  time, 

11 ! ;  J  uuite,  or,  if  the  zinc  has  been  weighed,  and  t!ie  chameleon  solu- 

liun  (whioh^  in  that  case,  must  be  considerably  diluted)  measured,  an 
accurate  and  precise  knowledge  of  the  q^uantity  of  iron  present*  If  lead 
or  c^iptx'tr  are  present,  these  metals  remain  undissolved  upon  solution  of 
tho  zinc, 

2*  Oxide  of  Lead. 

i  Frodpitate  pure  nitrate  or  acetate  of  lead  with  carbonate  of  ammoida, 
"  I  tlie  precipitate,  dry,  and  ignite  gently  to  complete  decomposition* 
Oxide  of  lead  is  ofteji  used  to  fix:  an  acid,  so  that  it  is  not  expelled 
^ven  by  a  red  heat. 

6.  Suiphur  Bases* 

L  Sulphide  of  Amhoniuh  (see  "Qua!.  Anal."). 

We  require  both  the  colorless  monosulphide,  and  the  yellow  poly- 
snlplade, 

2.  SuLPfiiDE  or  Sodium  (see  **  Qual.  Anal."). 


lY.    SALTS. 
a.  Salts  of  ilt€  Alkalies, 


§  <5L 

1.  ScrLniATE  OF  PoTASsA  (see  *'  Qual.  Anal"). 

2.  Oxalate  of  Aif moxia  (see  "  Qual.  Anal.")* 

3.  Acetate  of  Soda  (see  *'  Qnal.  AnaL")* 

4.  SccciXATE  or  Ammokia. 
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Pt^aratUm, — Saturate  Buccinic  acid,  which  has  been  purified  by. 
disaolviug  iii  nitric  acid  and  re  crystal  lizing,  with  dilute  aiiimoma«J 
The  reaction  of  the  new  eomponnd  should  be  rather  slightly  alkaline] 
than  acid. 

U^ffft. — This  reagent  serves    occaaionally  to  separate  eesquioxide  of 
iron  from  other  metallic  oxides. 

5.  Carbonate  of  Soda  (see  *'  Qual.  Anal."). 

Tliis  reagent  is  required  both  in  solution  and  in  pure  cryBtala ;  in  the  { 
latter  form  to  neutralize  an  excess  of  acid  in  a  fluid  which  it  is  desir-J 
able  not  to  dilute  tc»o  much. 

G*  Carbonate  of  AMaioNiA  (see  Quah  Anal."), 

7.  BisrLPHiTB  OF  Soda  (see  '*  Qual.  Anal."). 

8.  Hyposulphite  of  Soda. 
This  salt  occurs  iu  commerce.     It  should  be  dry,  clear,  well  crystal- 
lized, complet-ely  and  with  ease  solul>le  in  water.     The  soltition  mustJ 
give  with  nitrate  of  silver  at  first  a  white  precipitate,  must  not  effer*! 
vesce  with  acetic  acid,  and  wheia  acidified  must  give  no  precipitate  with  j 
chloride  of  barium,  or  at  most,  only  a  slight  turbidit\\     The  acidified 
solution  must,  after  a  short  time,  Ijecome  milky  from  s«[jaration  of  iral- 
phur. 

Uiie9. — The  hyposulphite  of  soda  is  used  for  the  precipitation  of  sev- 
eral metals,  as  sulphides,  partictdarly  in  separations,  for  instance,  of 
copjier  from  zinc;  it  also  serves  its  solvent  for  sevend  salts  (chloride  of] 
silver,  sulphate  of  lime,  ttc)  ;  lantly,  it  is  employeil  m  volumetric 
Ivsis,  its  use  hero  depending  on  tlie  reaction  2  (NaO,  S»  O^)  4-  I  ^  Na 
I  -j-  Na  O,  S,  O,, 

9,  NiTRPTE  OF  Potassa  (see  "  Qual  Anal."). 

10.  BicnnoiLiTE  of  Potassa  (see  "  Qual.  AnaL"). 

11.  Molybdate  of  Ammonia  (see  "  Qual.  Anal."). 

12.  Chloride  of  Ammonium  (see  "  Qual  Anal."). 
13»  Cyanide  of  Potassium  (see  **  Qual  Anal."). 

h.  Salts  of  Oie  Alkaline  JEJartks. 
§  62. 

1,  Chloride  of  Barium  (see  "Qual  Anal"). 
The  following  process  gives  a  very  pure   chloride   of  barium, 

from  lime  and  strontia  : — Trausniit  througli  a  concenti-atod  solution  of 
impure  chloride  of  bai*ium  hydrochloric  gas,  as  long  as  a  precipitate 
continues  to  form.  Nearly  the  whole  of  the  chloricle  of  barium  pre- 
sent is  by  this  means  separated  from  the  solution,  in  form  of  a  crj'stal- 
llne  powder.  Collect  this  on  a  filter,  let  the  adhering  liquid  drain  off, 
wash  the  powder  repeatedly  i\ith  small  quantities  of  pure  hydrochloric 
acid,  until  a  sample  of  the  washings,  dihited  with  water,  and  pi*eeipitated 
with  sulplinnc  acid,  gives  a  filtrate  which,  upon  evaporation  in  a  plati* 
nuni  dish,  leavca  no  residue.  The  hydrochloric  mother-liquor  series  to 
dissolve  fresh  portions  of  witherite.  I  make  use  of  the  chloride  of 
barium  so  obtained,  princir>ally  for  the  preparation  of  perfectly  puro 
carbonate  of  baryta,  which  is  often  required  in  quantitative  analyses. 

2.  Acetate  of  Baryta. 
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/Vqwimfton. — Dissolve  pure  carbonate  of  baryta  in  moderately  di- 
lute ftcctic  acid,  filter,  and  evaporate  to  crj^stiiUization, 

TcjtU. — Dilute  solution  of  acetate  of  baryta  must  not  be  rendered 
I  turbid  by  solution  of  nitrate  of  silver.     See  also  "  Qual*  Anal,"  Ohio- 
'  ifide  of  intriumf  the  same  tests  being  also  used  to  ascertain  tbe  purity 
of  the  acetate. 

t^ses, — Acetate  of  barj^ta  is  used  instead  of  chloride  of  barium,  to 
effect  the  precipitation  of  sulphuric  acid,  in  cases  wliere  it  is  desirable 
to  avoid  the  introduction  of  a  chloride  into  the  solution,  or  to  convert 
tbt*  base  into  an  acetate.  As  the  reagent  is  seldom  required,  iti  is  best 
ke|>t  in  crystnls. 

3,  Carboxate  or  Baryta  (see  "  Qual,  AnaL"), 

4.  CHLORrrtE  of  STROiSTuntf. 
^l^nejmratwn. — Chloride  of   strontium  is  prepared  from   strontianite 

or  ceJestine,  by  the  same  processes  as  chloride  of  barium.  The  pure 
crystiils  obtained  are  dissolved  in  spirit  of  wine  of  i)G  per  cent.,  the 
whitioit  is  tiltered,  and  kept  for  use. 

Ce^s.—Tlw  alcoholic  solution  of  chloritle  of  strontium  is  used  to  ef- 
fect the  conversion  of  alkidine  sulphates  into  chlorides,  in  cases  where 
it  is  desirable  to  avoid  the  introduction  into  the  fluid  of  a  salt  insoluble 
in  spirit  of  wine. 

5-  Chlobide  op  Cal€IDH  (see  *'  QuaL  Anal"). 
6.  Si'LPHATE  OF  MAf5Xi:8iA  (see  **  QuaL  Anal.''), 
reagent  is  principally  used  to  precipitate  phosphoric  acid  from 
aqueous  sohitions.     Tlie  solution  required  for  tliis  purpose  should  be 
kept  ready  prepared ;    it  is  made  by  dissolviug  1  pfirt  of  crystallLced 
snlphate  of  magnesia  and  1  pax*t  of  pure  chloride  of  ammordum  in  8 
p^rts  of  water  and  4  parts  of  solution  of  aumionia,  allowing  the  fluid 
to  stand  at  rest  for  several  days,  and  theu  filt<*ring. 
TMs  solution  is  sometimes  called  magnesia-mixture. 

c.  Salts  of  the  Oxides  of  the  Heavy  MetaU. 
§  63. 

1.  Sulphate  of  Fhotoxide  of  Iron  (see  "  Quah  Anal."). 

2.  8esquichtx>rii>e  of  Iron  (see  *'  Qual.  Anal"). 

3.  Acetate  of  Sesquioxide  op  Uraniitm. 
finely  powdered  pitchblende  w  ith  dilute  nitric  acid,  filter  tli© 

fiiiid  from  the  undissolved  portion,  and  treat  the  filtrate  with  hydro- 
BulpKuric  acid  to  remove  tho  lead,  copper,  and  arsenic  ;  filter  again, 
evaporate  to  dryness,  extract  the  residue  with  water,  and  filter  the  so- 
lution Dxiui  the  oxides  of  iron^  cobalt,  and  mangancBC.  Nitrate  of  sea^ 
quioxide  of  uranium  crystallizes  from  the  filtrate  ;  purify  this  by  recrys- 
tallixation,  and  then  heat  the  crystals  until  a  small  portion  of  the  ses- 
qutoxide  of  uranium  is  reduced.  Warm  the  yellowiHh-rtHl  mass  thus 
obliiineci  with  acetic  acid,  filter  and  let  the  filtrate  cryatallize.  Tlie 
CTJWMb  are  acetate  of  seaquioxide  of  uranium,  ajid  the  mother-liquor 
C0Sit4iins  the  undecomposed  nitrate  (Wertheim). 

2%»ts* — Solution  of  acetate  of  sesquioxide  of  uranium  after  acidlfica^ 
with  hydrochloric  acid  must  not  be  altered  by  hydrosulphuric  acid  i 


so 
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carbonate  of  ammoiua  miist  produce  in  it  a  precipitate^  soluble  in  an 
excess  of  the  precipitant. 

Uses, — Acetate  of  seaqmoxide  of  uranium  may  serre,  in  manj  cases, 
to  efiect  the  separation  and  determination  of  phosphoric  acid, 

4,  NiTKATE  OP  Silver  (see  "  QuaL  Anal/'). 

5,  Acetate  of  Lead  (s^e  "  Qual,  Anal."). 

6,  Chlobide  of  Mercury  (see  "  Qual.  Anal*^). 

7,  PROTOCHLORIDE  OF  TiK  (see  "  Qual.  Anal/'). 

8,  Bichloride  of  Pl-^tintjm  (»ee  **  QuaL  Anal/'). 

9,  SodiO'Protochloride  of  Palladium  (see  **Qual.  Anal.^'). 

B.  REAGENTS  FOB  Gll^lVIMETEIC  ANALYSIS  IK 
THE  DRY  WAY. 

§64. 

1.  Carbonate  of  8oda,  pure  anhydrous  (see  "  Qual.  Anal,"). 

2.  Mixed  Carbonates  of  Soda  and  Potassa  (see  **Qual.  Anal."), 

3.  Hydrate  of  Baryta  (see  "  Qual.  Anal."  and  §  69). 

4.  Nitrate  of  Potassa  (see  "  Quai  AnaL").  ^J 
6.  Nitrate  of  Soda  (see  **  Qual.  Anal.").                                   4|H 

6.  Borax  (fused).  ^'"^ 

Preparation,' — Heat  crystallized  borax  (see  *'  Qual.  Anal.")  in  a 
platinum  or  porcelain  dish,  until  there  is  no  further  intumescence  ;  re- 
duce the  porous  mass  to  powder,  aiid  heat  this  in  a  platinum  crucible 
until  it  is  fused  to  a  transparent  mass*  Pour  the  semi-tluid,  viscid  mass 
upon  a  fragment  of  porcthiin.  A  better  way  is  to  fuse  the  borax 
in  a  net  of  plathium  gauze,  by  luaking  the  gas  blow]>ipe-flatnc  act  upon 
it.  Tiie  drops  ar(^  cuUected  in  a  platinum  dish.  The  vitrified  borax  ob- 
tained is  kejit  in  a  woU-stoppered  bottle.  But  as  it  is  always  necejssary 
to  heat  the  vitriJied  borax  previous  to  use,  to  make  qiiite  sure  that  it  is 
perfectly  anhydrous,  tlie  best  way  is  to  prepare  it  only  when  required. 

Uses, — Yit lifted  borax  is  used  to  effect  the  expulsion  of  carbonic  acid 
and  other  volatile  acids,  at  a  red  heat. 

7.  BlSltLFHATE  OF  POTASSA. 

I^rfipnrrttion.^^lix  87  parts  of  neutral  sulphate  of  potassa  (see  "  Qual. 
Anal."),  in  a  platinum  crucible,  with  49  parts  of  concentrated  pui-e  sul- 
phuric acid,  and  heat  to  gentle  redness  until  the  mass  is  in  a  state  of 
imiform  loid  limpid  fusion.  Pour  the  fused  salt  oel  a  fragment  of  porce- 
lain, or  into  a  platinum  dish  standing  in  cold  water.  After  cooling, 
break  the  mass  into  pieces,  and  keep  for  use.* 

ITses. — This  reat^nt  serves  aa  a  flux  for  certain  native  compounds  of 
alumina  and  8esf|uioxide  of  chromium.  Bisulphate  of  potassa  is  usod 
also,  as  we  have  already  had  occasion  to  state,  for  the  cleansing  of  plati- 
num crucibles ;  for  this  latter  purjiose,  however,  the  salt  which  is  ob- 
tained in  the  pn:?paration  of  nitric  acid  will  be  found  sufficiently  pure. 

8.  Carbonate  op  Ahmoxia  (solid). 
JPrep(vrtjUion,See  "  Qual.  Anal." — This  reagent  serres  to  convert  the 

♦  [J.  Lawrenc©  Smitli  advises  the  use  of  blaulphate  of  soda  for  fluxing^  alnmi- 
nous  oompotmds,  as  the  fused  inaBs  in  much  more  readily  soluble  in  water.  J 
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bisolplii^tes  of  the  alkalies  into  neutral  salts*  It  must  completely  yoU- 
tilixe  wheu  heated  in  a  platinum  dish. 

0,  KiTBATE  OP  Ammonia, 

J*rtparaiion, — Neutralize  pure  earboiiate  of  ammonia  with  pure  nitric 
acid^  warm,  and  add  ammoiiia  to  slightly  alkaline  reaction  ;  filter,  if  ne- 
oecaary,  and  let  the  filtnite  crysttdlize.  Fuse  tlie  crj^stais  in  a  platinum 
dish,  and  pour  the  fused  mass  upon  a  piece  of  porcelalti ;  break  into 
pieces  whilst  still  warm,  and  keep  in  a  well-stoppered  bottle. 

TmU. — Kitrate  of  ammonia  must  leave  do  residue  when  heated  in  a 
platinum  dish. 

ITses, — Nitnite  of  ammonia  serves  as  an  oxidizing  agent ;  forinstancej 
to  convert  lead  into  oxide  of  lead,  or  to  effect  the  combustion  of  carbon, 
in  cases  where  it  is  desired  to  avoid  the  u&e  of  £xed  salts, 

10.  Chloridb  op  Ammonium. 
Preparation  and  Tests, — Bee  "  Quah  Anal.'* 

U$e^, — Cliloride  of  amnioniiim  is  often  used  to  convert  metallie  oxides 
1  acids,  €,ff,^  oxide  of  lead,  oxide  of  zinc,  bitioxide  of  tin,  ai-senic  acid, 

antiinonic  acid,  ikc.,  into  chlorides  (ammonia  and  water  escape  in  the 
process).  Maiiy  metallic  chlorides  being  volatile,  and  others  volatilizing 
in  presence  of  chloride  of  ammonium  fumes,  they  may  be  completely  re- 
moved by  igniting  them  with  chloride  of  a^imoniiim  in  excess,  and  thus 
many  compounds,  ^,«7,,  alkaline  antimoniatea,  may  be  easily  and  expedi- 
tioQsly  analyzed.  Chloride  of  ammonium  is  also  used  to  convert  various 
salts  with  other  acids  into  chlorides,  «.^.,  small  quantities  of  alkaline 
aolphates. 

11.  HvDROfiEN  Gas. 
Preparation, — Hydrogen  gas  is  evolved  when  dilute  sulphuric  acid  is 

~  ~  "  to  granulated  zinc.  It  may  be  purified  from  ti'acea  of  foreign 
Ither  by  passing  first  through  chloride  of  mercury  eolution,  then 
potash  solution,  or  as  recommended  by  SxENnorBE,  by  passing 
through  a  tube  filled  with  pieces  of  charcoal.  If  the  gas  is  desired  dry, 
pMB  through  sulphuric  acid  or  a  chloridtj  of  calcium  tube. 

Tt$U, — Pure  hydrogen  gas  is  inodorous.  It  ought  to  bum  with  a 
colorless  flame,  which,  when  cooled  by  depressing  a  porcelain  dish  upon 
it,  must  deposit  nothing  on  the  surface  of  the  dish  except  pure  water 
(free  from  acid  reaction). 

CVc*.— Hydrogen  gtis  is  frequently  used,  in  quantitative  analysis,  to 
reduce  oxides,  chlorides,  sulphides,  dzc,  to  the  metallio  state. 

12.  CurORlNE. 

)iion, — See  "  Qiial  Anal/'^ — Chlorine  gas  is  purified  and  dried 
I  trttninnitting  it  through  concentrated  sulphuric  acid,  or  a  chloride  of 
'  lium  tube. 
17m* — ^Chlorine  gas  serves  ]Ji'incipally  to  produce  chlorides,  and  to 

aoparate  the  volatile  from  the  non-volatile  chlorides  ;  it  is  also  used  to 

diBpUce  and  indirectly  determine  bromine  and  iodine. 

a  BEAGENTS  USED  EST  YOLITMETBIC  AISTALYSIS. 

§  65. 
Under  this  head  are  arranged  the  most  important  of  those  substatioes, 
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whick  serve  for  the  preparation  and  tegting  of  tlie  0i]id&  required  in 
volumetric  analysis,  and  Lave  not  been  given  sub  A  and  D, 

1,  Pure  Crystallized  Oxalic  Acib, 

The  introdnction  of  crystaUized  oxalic  acid  as  a  basis  for  alkalimetry 
and  acidimetry  is  dutj  to  Fa,  Momt,  It  is  also  emploj'tjd  to  determine 
the  strength  of,  or  to  sfanfiardtzey  a  solution  of  permanganate  of  potassa^ 

1  eqniviileut  of  permanganic  Bjcid  being  required  to  convert  5  e<pivalent3 
of  oxalic  acid*  into  carbonic  acid  (Mn^  O,  +  2  S  O^  4-  5  C,  O;,  =  2  (>In 
O,  S  O3 )  +  10  C  Oj ).  We  nse  in  most  cases  the  pnre  crystallijced  acid 
which  has  the  formula  Cj  O3J  H  O  -h  2  aq.,  and  of  which  the  equivalent 
is  accordingly  63, 

Preparation, — ^Treat  powdered  oxalic  acid  of  oommeroe,  ina  flaak,  with 
lukewai-m  distilled  water,  in  such  proportion  as  will  leave  a  large 
amount  of  the  acid  undissolved,  and  shake  (IkloHH),  Filter,  crystallLze, 
and  let  the  crystals  drain  j  then  spread  them  out  on  blotting-paper,  and 
let  them  get  thoroughly  drj',  at  the  conmioii  temperature,  in  a  place  free 
firom  dust ;  or  press  them  gently  between  sheets  of  blotting-paper,  and 
repe^it  the  operation  with  fresh  sheets,  until  the  ciystals  are  quite  dry. 
Another  method,  by  which  the  acid  Ls  obtained  perfectly  pure,  consists 
in  decomposing  oxalate  of  lead  with  tlilute  sulphuric  acid. 

Te^ts, — The  crystals  of  oxalic  acid  must  not  show  the  least  sign  of 
efflorescence  (to  which  they  are  liable  even  at  20^  in  a  dry  atmosphere) ; 
they  must  dissolve  in  water  to  a  pe  infect ly  clear  flidd  ;  when  heated  in  a 
platinum  tlish,  they  must  leave  no  fixed  and  incombustible  residue  (car- 
bonate of  lime,  carbonate  of  potassa,  d:c.).  If  the  acid  obtained  hj  a 
first  crystallisation  fails  to  satisfy  these  requirements,  it  must  be  recrya- 
tallized. 

2,  TiNCTUEE  OF  LiTxrus. 
Preparation, — Digest  1  part  of  litmus  of  commerce  with  6  parts  ^^H 

irmter,  on  the  water-bath,  for  some  time,  filter,  divide  the  blue  fluid  im^^I 

2  portions,  and  saturate  in  one  lialf  the  fi'ee  alkali,  by  stirring  repeat- 
edly with  a  glass  rod  dipped  in  very  dilutee  nitric  add,  until  the  color 
just  appears  red  ;  add  the  remaining  blue  half,  together  with  1  part  of 
Btrong  spirit  of  wine,  and  keep  the  tincture,  which  is  now  ready  for  use, 
in  a  small  open  bottle,  not  quite  full,  in  a  place  protected  &om  dust. 
In  a  stoppered  lx*ttle  the  tincture  would  H[>eedily  loose  color. 

2Wl<^*— LitmiLs  tincture  is  tested  by  coloring  with  it  about  100  cubic 
oentimetres  of  water  distinctly  blue,  dividing  the  fluid  into  two  por- 
tions, and  adding  to  the  one  the  least  quantity  of  a  dilute  acid,  to  the 
other  a  trace  of  solution  of  soda.  If  the  one  portion  acqturea  a  dis- 
tinct red,  the  other  a  distinct  blue  tint,  the  litmus  tincture  is  fit  for 
iifi6y  as  neither  acid  nor  alkali  predominate.s. 

3,  Permanganate  op  Potassa, 
Preparation. — Mix  8  parts  of  very  finely  powdered  pure  pyrolusite, 

or  binoxide  of  manganese,  with  7  parts  of  chlorate  of  potassa,  put  the 
mixture  into  a  shallow  cast-iron  pot,  and  add  37  parts  of  a  solution 
of  potassa  of  1*27  specific  gravity  (the  same  solution  as  is  used  in 
organic  analysis  f)  ;    evaporate  to  dryness,  stirring  the  mixture  during 


*  Considered  as  a  monobaaio  a<dd< 

f  Or  initead  of  tli«  solation,  use  10  parts  of  the  hjdrato  (K  O,  H  0>. 
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tiM  opemiion ;  put  the  reaidue  before  it  lias  absorbed  moisture,  into 
oa  iron  or  Hessian  crucible,  and  expos©  to  a  dull-red  heat,  with  fn> 
quent  stLrring  vnih  an  iron  rod  or  iron  spatula,  until  no  moi'e  »f]ueoiJ8 
VApors  escaj>e  and  the  ma&s  is  in  a  faint  glow,  Keuiove  the  cruciblu  now 
6\im  the  iire,  and  transfer  the  friable  mass  to  an  iron  pot.  1l4adu€0  to 
>wder,  and  traojsfer  this,  in  amall  portions  at  a  time^  to  an  iron 
it^dning  100  parts  of  boiling  water;  keep  boiling,  replacing  the 
t?vaporating  wat«r,  and  passing  a  stream  of  cai'bonic  acid  tlirough  the 
tluid.  (Mulder*).  The  originally  dark  green  solution  of  raangaiiate  of 
|K>tasm  soon  changes,  with  separation  of  hydrated  biooxide  of  manganese, 
to  the  deep  violet-red  of  the  permanganate.  When  it  is  considered  that 
the  couvendon  is  completej  allow  to  settle,  tako  out  a  Buiall  qiiautity  of 
ihd  deal*  liquid,  boil  and  pa^ss  carbonic  acid  through  it.  If  a  precipitate 
iosrvoBy  the  conversion  is  not  yet  complete. 

The  solution  may  be  filtei-ed  through  gun-cotton.  Evaporate,  crystal- 
lixe^  aod  dry  the  crystals  on  a  porous  tile. 

The  pure  salt  is  now  to  be  obtained  in  commerce* 

4.    AllMONIO-StrLPIlATE  OP  PROTOXlDE  OP  IllON. 

(Fe  O,  S  O3+N  H,  O,  S  0,-f  6  aq.) 

F».  More  has  pi-oposed  to  employ  tliis  double  salt,  which  is  not  liable 
I  to  efflorescent^  and  oxidation,  as  an  agent  to  determine  the  strength  of 
tbe  pemuuiganate  solution. 

JPt9fHartUu>ti. — Take  two  equal  portions  of  dilute  sulphuric  acid,  and 
the  one  with  a  moderate  excess  of  small  iron  nails  fi^e  from  rust, 
I  imtti  the  evolution  of  hydrogen  gas  has  altogether  or  veiy  nt'arly  ceased ; 
tieiitnUixa  tlxe  other  portion  exactly  with  cai-^bonate  of  ammonia,  and 
tben  add  to  it  a  few  drops  of  dilute  sulphuiic  acid*  Filter  the  solution 
Iphate  of  the  protoxide  of  iron  into  that  of  the  sulphate  of  ani- 
Bvaporate  the  mixture  a  little,  if  necessary,  and  then  allow  the 
^Cr}'stallize.  L<?t  the  crystals,  which  are  hard  and  of  a  pale  green 
oolor,  drain  in  a  funnel,  then  wash  them  in  a  little  water,  dry  thoroughly 
on  blottiiig-pafier  in  the  air,  and  keep  for  use. 

Th»?  equivalent  of  the  salt  (IDC)  is  exactly  7  times  that  of  iirm  (28)* 
Tlic  solution  of  the  salt  in  water  wliieh  has  Ijeen  just  acidified  with  Bul- 
jthuric  acid  must  not  become  red  on  the  addition  of  sulphocyanide  of 
pottfnum. 

[5.    AMHONlA-lBON-ALUlf, 

(Fe,  Oa,  3  SO,+  NH,  O,  S03,+24  HO.) 

Jhtpofotum. — Bring  into  a  large  porcelain  <lish  58  grms.  of  pure 
I  crystftlliced  ferrous  sulphate  (see  Fresenius' "  Qiial.  Anal,"  Am.  ed.  p.  73), 
1  lOl^etllOf  with  a  quantity  of  oil  of  vitriol  equivalent  to  8*3  grms.  of  an- 
hyd]t>UR  sulphuric  acid  (see  Table,  p.  488).  Heat  upon  a  sand-bath,  add- 
ing nitric  acid  from  time  to  time,  ia  small  portions,  until  the  iron  hasj 
all  pauBcd  into  ferric  oxide,  or  until  a  drop  of  the  solution  gives  no  blue 
coloration  with  ferricyanide  of  potassium.  Heat  further,  and  evap- 
on^te  until  the   excess  of  nitric  acid  m  expelled,  then  add   14  grm«, 

case  fuse  the  potash  tmd  tbo  chlorate  together  Erst,  and  then  project  the  numga- 
Miaw)  into  the  crucible. 

Jahxeaberiohi  too  Kopp  und  Will,  1858,  581. 
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of  sulphate  of  ammonia,*  and,  if  need  be,  hot  water  soffieieiit  to  bring 
the  salt  into  solution ;  filter  into  a  porcelain  capsule  and  set  aaide,  under 
cover,  to  crystallize. 

The  iron-alum  separates  in  cubo-octahedrons,  which  may  be  yellowish, 
lilac,  or  colorless.  If  dark  in  color,  diBsolve  in  warm  water,  add  a  few 
drops  of  oil  of  vitriol,  and  crystallize  again.  Binse  the  pale  or  colorless 
crystals,  after  separation  from  the  mother-liquor,  with  cold  water,  wrap 
up  closely  in  filter  paper,  and  allow  them  to  dry  at  tiie  ordinary  tern- 
perature.f 

The  jiQld  should  be  about  80  grms.  The  dry  salt  should  be  pulver- 
ized, pressed  between  folds  of  paper  until  freed  from  mechanically  ad- 
hering water,  and  preserved  in  a  well-stoppered  bottle. 

Uses, — Ammonia-iron-alum  frimishes  the  best  means  of  obtaining  a 
definite  quantity  of  ferric  oxide  for  making  standard  solutionB,  being 
easily  obtained  pure  and  inalterable  if  kept  away  from  acid  vapors.  Its 
purity  may  be  readily  controlled  by  ascertaining  the  loss  on  careful  igni- 
tion, which  should  leave  a  residue  of  16*6  per  cent,  of  sesquiozide  of 
iron,  corresponding  to  11*59  per  cent,  of  metallic  iron. 

6.  Pure  Iodine. 

Ihrparathn, — ^Triturate  iodine  of  commerce  with  ^  part  of  its  wei^^t 
of  iodide  of  potassium,  dry  the  mass  in  a  laige  watch-glaas  with  ground 
rim,  warm  this  gently  on  a  sand-bath,  or  on  an  iron  plate,  and  as  soon  as 
^-iolot  fumes  begin  to  escape,  cover  it  with  another  watch-glaas  of  the 
same  size.  Continue  the  application  of  heat  until  all  the  iodine  is  sub- 
limtHl,  and  keep  in  a  well-closed  glass  bottle.  Hie  chlorine  or  bromine, 
which  is  of>en  found  in  iodine  of  commerce,  combines,  in  this  process, 
with  the  potassium,  and  remains  in  the  lower  watch-^aas,  together  with 
the  excess  of  iodide  of  potassium. 

T'cv/jt. — lixliue  purified  by  the  process  just  now  described,  must  leave 
no  fixtnl  residue  when  heated  on  a  watch-glass.  But,  even  sappoaing  it 
should  leave  a  trace  on  the  glass,  it  would  be  of  no  great  consequence, 
as  the  small  portion  intended  for  use  has  to  be  xesublimed  immediately 
Ivfore  wci;;hiujj. 


*  If  Dol  on  haihL  this  salt  maj  be  pjtppaicd  bj  «^t^Tt^  oQ  of  vitriol  with 
^mrKuuit^  of  Mnmoaia  and  evapcmtin^  to  dixaeaa.  90  gnunmes  of  ofl  of  vitriol 
iriw  ^^m<^wb«t  more  than  i$  n^quiivd  Jtbow/ 

4  l^;Mnin»tioi»  of  iiv^Q-alum  thus  prtparod  shov  that  the  vadationa  in  the 
<vC\>r  of  the  ^a^tn  frosd  c^^ort^^ss  to  xv«e.  art  ikx  c^annectod  with  appreciable  differ- 
eiKy«  of  compositiiYi. 

J.  H  OT\>Tt».  of  the  $^e£eM  Labona^^rr.  ob^aiwd  the  foOowin^  lesolti  in  the 
eTamiaasioii  of  amaMiiia  :i>w>ahua  csyicais.  the  leaie  oxide  bei^  iMlhmtiiil  by 
%^uoB  :-^ 
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ITSKsf.— Pure  iodine  is  used  to  determine  the  amoimt  of  iodine  con- 
lamed  in  the  solution  of  iodine  in  iodide  of  potassimn,  employed   in 
\^tny  Tolumotric  processes, 

7,  Iodide  op  Potassium. 

cjuaiitities  of  this  article  may  be  procured  cheaper  in  commewse 
epared  in  the  laboratory.     For  the  j»reparation  of  iodide  of  potiys- 
stuui  int*^nded  for  analytical  purposes  I  recommend  Eaup's  metbod,  im- 
proved by  Fkederkikg,  because  the  product  obtained  by  this  process  is 
freia  from  iodic  acid, 

TettU. — Put  a  sample  of  the  salt  in  dilute  sulphuric  acid.  If  the  iodide 
is  pure,  it  will  disaolve  without  coloring  the  fluid ;  but  if  it  contain 
iodate  of  potassa,  the  fluid  will  acquire  a  brown  tint,  from  the  presence 
of  free  io<Une  {K  I  +  H  O  -f  S  0,=K  0, 8  0,+ II  I  mul  I  ( )  ^  +  5  HI= 
5  H  O-f-6  I,  which  remain  in  solution  in  the  bydriodic  acid).  Mix  the 
aulntlon  of  another  sample  with  nitrate  of  silver,  as  long  as  a  precipitate 
continues  to  form;  add  solution  of  ammonia  in  excess,  shake  the  mix- 
ture, filter,  and  supersaturate  the  filtrate  with  nitric  acid.  The  forma- 
tion of  a  white,  curdy  precipitate  indicates  the  presence  of  chloiide  in 
the  iodide  of  potassium.  Presence  of  sulphate  of  potassa  is  detected  by 
as  of  solution  of  chloride  of  barium,  with  addition  of  some  hy dro- 
me acid. 

». — Iodide  of  potassium  is  used  as  a  solvent  for  iodine  in  the  pre- 
of  standard  solutions  of  iodine ;  it  is  employed  also  to  absorb 
tme  chlorine^  In  the  latter  case  every  equivalent  of  cblorine  libei'ates 
aa  equivalent  of  iodine,  which  is  retained  in  solution  by  the  agency  of  the 
exfieu  of  iodide  of  potassium.  The  iodide  of  potassium  intended  for  these 
uaes  must  be  free  from  iodate  and  carbonate  of  ]x>tassa ;  the  presence  of 
trifling  traces  of  chloride  of  potassium  or  sujphate  of  potassa  is  of  no 
conaequence« 

8.  Absknious  Acid. 

Thf)  arsc^nious  acid  sold  in  the  shops  in  large  pieces,  externally  opaque, 

but  of^en  still  vitreous  within,  is  generally  quite  pure.    The  purity  of  the 

article  is  tested  by  moderately  heating  it  in  a  glass  tube,  ojH^n  at  both  ends, 

through  which  a  feeble  current  of  air  is  transmitted.     Pure  araenious 

acid  must  completely  volatilize  in  this  process ;  no  residue  must  be  left  in 

tine  lube  upon  the  expulsion  of  the  sublimate  ftom  it.     If  a  non-volatile 

residue  is  left  wluch,  when  heated  in  a  current  of  hydrogen  gas,  turns 

blaek,  the  arsenious  acid  contauns  teroxide  of  antimony,  smd  is  imflt  for 

Oie  in  analytical  processes.    Dissolve  about  10  grms.  of  the  arsenious  acid 

H  lo  b«  tested  in  soda,  and  add  1 — 2  drops  acetate  of  leach    If  a  browuinh 

H  odor  la  produced,  the  arsenious  acid  contains  sulphide  of  arsenic  and 

H  Cftnnot  he  used.    Arsenious  acid  is  employed,  in  form  of  arsenite  of  soda, 

^^^^detennine  hyixichlorous  acid,  free  chlorine,  iodine,  &c* 

p. 

■  dUBi 

■  aod 
Fiodi 
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Perfectly  pure  rock-salt  is  best  suited  for  analytical  purposes.  It  must 
dUBOlve  in  water  to  a  clear  fluid ;  oxalate  of  ammonia,  phosphate  of  soda, 
aod  chloride  of  barium  must  not  trouble  the  solution.  Pure  chloride  of 
•odiviii  may  be  prepared  also  by  Margueritte-s  process,  vhj.,  conduct  into 
A  QOfbOeilttated  solution  of  common  salt  hydrochloric  gas  to  saturation, 
4»]leci  tlie  small  crystals  of  chloride  of  sodium  which  separate  on  a  fun- 
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nel,  let  them  thorou^^j  drain,  wash  -with  hydrochloric  add,  and  diy  the 
chloride  of  sodium  finally  in  a  porcelain  dish,  until  the  hydrochloric  add 
adhering  to  it  has  completely  evaporated.  The  mother-liquor,  which 
contains  the  small  quantities  of  sulphate  of  lime,  chloride  of  magnedum, 
&c,y  originally  present  in  the  salt,  is  at  the  next  preparation  of  hydro- 
chloric acid  added  to  the  ingredients  in  the  retort,  instead  of  a  corre- 
sponding portion  of  water. 

^«e9.— Chloride  of  sodium  serves  as  a  volumetric  predpitating  agent 
in  the  determination  of  silver,  and  also  to  determine  the  strength  of  solu- 
tions of  silver  intended  for  the  estimation  of  chlorine.  We  usually  fuse 
it  before  weighing.  The  operation  must  be  conducted  with  caution,  and 
must  not  be  continued  longer  than  necessary ;  for  if  the  gas-flame  acts 
on  the  salt,  hydrochloric  acid  escapes,  while  carbonate  of  soda  is  formed. 

10.  Metallic  Silver. 

The  silver  obtained  by  the  proper  reduction  of  the  pure  chloride  of 
the  metal  alone  can  be  called  chemically  pure.  The  silver  predpitated 
by  copper  is  never  absolutely  pure,  but  contains  generally  about  ^^^J 
of  copper. 

Chemically  pure  silver  is  only  used  in  small  quantity  to  prepare  the 
dilute  solution  employed  for  the  determination  of  silver.  Tlie  solution 
of  silver  required  for  the  estimation  of  chlorine  need  not  be  made  with 
absolutely  pure  silver,  as  the  strength  of  this  solution  had  always  best 
be  determined  after  the  preparation,  by  means  of  pure  chloride  of  sodium. 


2>.  REAGENTS  USED  IN  ORGANIC  ANALYSIS.  . 

§G6. 

1.  Oxide  op  Copper. 

Pi*eparat\on, — Stir  pure*  copper  scales  (which  should  first  be  ignited 
in  a  muffle)  with  pure  nitric  acid  in  a  porcelain  dish  to  a  thick  paste  ; 
after  the  effervescence  has  ceased,  heat  gently  on  the  sand-bath  un- 
til the  mass  is  perfectly  dry.  Transfer  the  green  basic  salt  produced  to 
a  Ilessian  crucible,  and  heat  to  a  moderate  redness,  until  no  more  fiunes 
of  hyponitric  acid  escape ;  tliis  may  be  known  by  the  smell,  or  by  intro- 
ducing a  small  portion  of  the  mass  into  a  test  tube,  dosing  the  latter 
with  the  finger,  heating  to  redness,  and  then  looking  through  the  tube 
lengthways.  The  uniform  decomposition  of  the  salt  in  the  crumble  may 
be  promoted  by  stirring  the  mass  from  time  to  time  with  a  hot  glass  rod. 
When  the  crucible  has  cooled  a  little,  reduce  the  mass,  wliich  now  con- 
sists of  pure  oxide  of  copper,  to  a  tolerably  fine  powder,  by  triturating 
it  in  a  brass  or  porcelain  mortar ;  pass  through  a  metal  sieve,  and  keep 
in  a  well-stoppei-ed  bottle  for  use.  It  is  always  ad>'isable  to  leave  a 
small  portion  of  the  oxide  in  the  cnicible,  and  to  expose  this  again  to  an 
intense  red  heat.  This  agglutinated  portion  is  not  pounded,  but  simply 
broken  into  small  fragments. 

*  If  the  scales  contain  lime,  digrest  them  with  water,  containing  a  little  mferio 
addf  for  a  long  time,  wash,  and  then  proceed  as  above. 
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7Wt. — Pure  oxide  of  copper  is  a  compact,  heavy,  doep-bla<?k  pow- 
der, gritty  to  the  toucli ;  upon  exposure  to  a  red  he^it  it  must  evolve  no 
liilK^nitric  acid  fumes,  nor  carbonic  acid ;  the  liitter  would  indicate 
pnraence  of  fragraenta  of  chiircoal,  or  particles  of  dust.  It  must  contain 
iiotliing  soluble  in  water.  That  portion  Af  the  oxide  which  has  been  ex- 
|i06ed  to  an  int^^nse  red  heat  should  be  hard,  and  of  a  gra}^sh-black  color. 
Ufirit, — \  Ixide  of  copper  serv^es  to  oxidize  the  carbon  and  liydrngen  of 
or^v  ^  ^Lancta,  yielding  up  its  oxygen  wholly  or  in  part^  according 

to-  lUces.     That  portion  of  the  oxide  which  haj^  been  heatrd  to 

tbr  most  iJiteiise  redneSvS  is  jmrticularly  useful  in  the  analysis  of  volatile 
fluidB. 

K,B.  The  oxide  of  copper,  after  use,  may  be  regenerated  by  oxidation 
witb  nitric  acid,  and  subsequent  ignition.     Should  it  have  become  mixed 
with  alkaline  salts  in  the  course  of  the  analytical  process,  it  is  fit-st  digested 
with  \^ry  dilute  cold  nitric  acid,  and  washed  afterwards  with  water.    To 
purify  oxide  of  copper  containing  chloride,  E.  Ehlexmeyer  recouimenda 
I  it  in  a  tut)e,  fir>it  in  a  stream  of  moist  air,  and  finally,  when  the 
;  gas  ceases  to  i*edden  litmus  paper,  in  dry  air.     By  these  opera- 
Mijiy  oxidea  of  nitrogen  that  may  have  remained  are  also  removed. 

2.  Chromate  of  Lead. 

^ration, — Precipitate  a  clear  filtered  solution  of  acetate  of  lead, 
acidulated  with  acetic  acid,  with  a  Bmall  excess  of  bichromate  of 
;  wash  the  precipitate  by  decantation,  and  at  last  tlmrouQhlij  on 
strainer ;  dry,  put  in  a  Hessian  crucible,  and  heat  to  bright 
redness  until  the  mass  is  fairly  in  fusion.  I*our  out  ujjon  a  stone  slab  or 
iron  plate,  bi*eak,  pulverize^  pass  through  ft  fine  metallic  sieve,  and  keep 
the  tolerably  fine  powder  for  use. 

TcsU, — C?hromate  of  lead  is  a  heavy  powder,  of  a  dirty  ycllowish-brown 
color.  It  must  evolve  no  carbonic  acid  upon  the  application  of  a  red  heat ; 
the  evolution  of  carbonic  acid  would  indicate  cont4iniinatiou  with  organic 
fcer,  dust^  kc.  It  must  contain  nothing  soluble  in  water. 
{7««if. — Chroma te  of  lead  serves,  the  sAme  im  oxido  of  coj^per,  for  the 
eombtistioti  of  organic  8u!)slances.  It  is  converted,  in  the  process  of  com* 
faogtiaD,  into  sesquioxide  of  chromium  and  basic  chromate  of  lead.  It 
sttflers  the  same  decomposition,  with  evolution  of  oxygen,  when  heated 
by  itself  above  its  point  of  fusion.  The  property  of  chromate  of  lead  to 
tmtt  at  a  rt^d  heat  renders  it  preferable  to  oxide  of  copper  aa  aii  oxidizing 
agi?f)t^  ui  canes  where  we  have  U>  act  upon  difficultly  combustible  Bub- 
sUnoes. 

N*B,  Chromate  of  lead  may  l>e  used  a  second  time.  For  thLs  puipose 
it  ie  fused  again  (being  first  roasted,  if  necessary),  and  then  powdered, 
AfWr  having  been  twice  used  it  is  powdered,  moistened  with  nitric  acid, 
dried,  «nd  fused.  In  this  way  the  chromate  of  lead  may  be  used  over  and 
ortT  again  iiidefijutely  (Voin.*). 

3.  OxYOEX  Gas. 

J\rparaiion, — Triturate   100  gnimmea  of  chlorate  of  potaasa  with 

0*1  grm,  of  finely-powdered  sesquioxide  of  iron,  and  introduce 

ure  into  a  plain  retort.,  which  must  not  be  more  than  half  full ; 

the  retort,  over  a  charcoal  fire,  at  first  to  a  gentle,  and  then  to  a 
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gradually  Increased  heat.  As  soou  ax  the  salt  begins  to  fuse,  shake  the 
retort  a  little,  that  tfic  contents  maj  be  uniformly  he^tecL  The  evolution 
of  oxygen  speedily  commences,  and  proceeds  rapidly,  but  not  impetuously, 
provided  the  above  proportion  Ix^tween  the  cbloi^te  of  potass»^  and  tlae 
seKcjuioxide  of  iron  be  adbercd  to.  As  soon  as  the  air  is  expelled  from 
the  I'etort,  connect  the  glass  tube,  fixed  in  the  neck  of  the  retort  by  nieana 
of  ft  tight-htting  perfonit<:'d  cork,  with  an  indiivrnbber  tul>e  insei'ted  Into 
the  lower  oritice  of  the  gasometer;  the  glass  tube  must  lie  sufficiently 
wide,  and  there  must  be  suthcient  space  left  ari>und  the  india-rubVier  to 
permit  the  frtn^  olHiix  of  the  disp laced  water.  Continue  the  ajiplication 
of  heat  to  the  retort  until,  incipient  redness  having  been  reached,  the 
evolution  of  gas  Iny*  altogether  or  very  nearly  ceased-  It  is  advisable 
to  coat  the  retort  np  to  the  middle  of  the  body  with  several  layers  of  a 
thin  paste  made  of  clay  and  water,  with  addition  of  a  little  carbonate  of 
soda  or  borax, 

1 00  grammes  of  chlorate  of  potassa  give  about  27  litres  of  oxygen  gaa. 

The  oxygen  gas  produced  by  this  process  is  moist,  and  may  contain 
traces  of  carbonic  acid  gas,  and  also  of  chlorine.  The  gas  prepared  from 
a  mixture  of  chlorate  of  potassa  with  a  comparatively  large  proportion  of 
binoxide  of  manganese  always  contains  a  rather  considerable  quantity  of 
chlorme  gas.  These  impurities  must  be  removed,  and  the  pxygen  gas 
thoro uglily  dned,  bttfore  it  c^i.n  be  nsed  in  elementaiy  organic  analyais. 
The  gas  is  therefore  passed  from  the  gasometer,  first  through  a  Likbig's 
bulb-apparatus  filled  with  solution  of  potassa  of  I  '^7  sp,  gr.,  then  through 
a  U-tul>e  coutainiug  pumice-st<me,  moistened  with  sulphuric  acid,  after* 
wards  through  several  tubes  filled  with  hydrate  of  potiLssa,  and  hiailj 
through  a  chloride  of  etilcium  tube, 

7fi*^^,— A  cliip  of  wood  which  has  been  kindled  and  blown  out^  so  as 
to  leave  a  spark  at  the  extremity,  must  inimetl lately  burst  into  flame  in  m 
current  of  oxygen  gas.  The  gas  must  not  trouble  lime-water,  nor  Kolutiou 
of  nitrate  of  silver  when  tranamitted  through  these  fluids. 

4.  Soda-lime. 

JVcpcwa^iVn. — Take  ordinaiy  solution  of  soda,  ascertain  its  specific 
gravity,  weigh  out  a  cei*tain  quantity,  calculate  by  means  of  the  table, 
§  206,  the  weight  of  the  hydrate  of  soda  tliat  must  bo  present,  add  twice 
this  latter  weight  of  the  best  quick-lime,  and  then  evaporate  to  dryness 
in  an  iron  vessel.  Heat  the  residue  in  an  iron  or  Hessian  crucible^  keep 
for  some  time  at  a  low  red  heat,  and  reduce  the  mass,  whilst  still  warm, 
to  a  t<.»lerabl\'  !juh  powder,  by  pounding  and  sifting  through  a  metallic 
sieve.     Keep  the  jiowder  in  a  well -stoppered  bottle, 

7Vj*^jf.— Suda-ltme  nmst  not  effervesce  too  much  when  treated  with 
dilute  hydrochloric  acid  in  excess  ;  but,  more  particidarly,  it  must  not 
evolve  aiumonia  when  mixed  with  pure  sugar,  and  heattnl  to  redness. 
It  must  not  swell  mid  fuse  so  readily  aa  t«  obstruct  the  boi*e  of  a  tube 
when  heuit*d  to  low  redness,  nor  must  it  ivruain  infusible  and  but 
loosely  coherent  aft^T  exposure  to  a  bright  red-heat.  The  former  difll- 
eulty  nijty  be  remedied  by  mixture  with  dry  slaked  lime,  the  latter 
mixing  with  a  portion  of  insuiiiciently  ignited  soda-limc  kept  in 
for  this  purpose. 

irnes. — Soda-lime  serves  for  the  analysis  of  nitrogenous  organic  sub- 
atanct^s.  For  the  ratiaTtale  of  its  action,  see  the  chapter  on  Organic 
Atudysia, 
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5*  ^Ietalltc  Copper. 

HetaUio  copper  serves,  in  the  aualyam  of  nitrDgenous  siibgtanocB,  to 
edect  the  reduction  of  the  uitric  oxide  gas  that  may  form  In  the  course 
of  the  analytical  process. 

It  is  used  either  in  the  fonii  of  tunjiiigs,  or  iii  that  of  close  wire  spirals ; 
or  of  small  rolls  made  of  thin  sheet  copper ♦  A  length  of  from  7  to  10 
centime  tree  is  given  to  the  sjiirala  or  rolls,  aud  just  sulllcient  thicknt'^s 
to  admit  of  their  being  inserted  into  the  combustion  tube.  To  have  it 
perfectly  free  from  duHt,  oxide^  *fec.,  it  is  first  heated  to  rednens  in  the 
<i|>en  air,  in  a  crucible,  until  the  surface  is  oxidized  ;  it  ia  then  put  into 
a  glasR  or  porcelain  tube,  through  which  an  uninterrupted  current  of 
dry  hydrogen  gas  is  ti*aii8mitted  ;  and  when  aU  atmospheric  air  has  been 
ex[»eUed  from  the  evolution  apjiaratus  and  the  tube,  the  latter  is  in  its 
whole  leiigth  heated  to  redness.  The  operator  should  make  sure  that 
the  atmospheric  air  has  been  thoroughly  expelled,  before  he  pi-oceeda 
k>  apply  heat  to  the  tube ;  neglect  of  this  precaution  may  lead  to  an 
explosion. 

6.    POTASSA. 

a,  SoitUion  of  Poki^sa. 

Solution  of  potaaaa  is  prepared  from  the  carbonate^  with  the  aid  of 
milk  of  lime,  in  the  way  described  in  the  "  Qualitative  Analysis,'*  for 
Ili6  preparation  of  solution  of  soda.  The  projxjrtions  are — 1  part  of 
carbonate  of  potassa  to  12  parts  of  water,  and  |  part  of  lime,  slaked  to 
paste  with  three  times  the  tjuantity  of  warm  water. 

The  decanted  clear  solution  is  evajiorated,  in  an  iron  vessel,  over  a 
strong  fir»%  until  it  has  a  specific  gravity  of  h27  ;  it  Ls  then»  whilst  still 
warm,  poured  into  a  bottle,  which  is  well  closed,  and  allowed  to  Btand 
at  rest  until  all  solid  particles  have  subsided.  The  clear  solution  ia 
finally  drawn  off  &om  the  dep<^»sit,  and  kept  for  use. 

5,  Jft/dfrU^  of  I*ota^J!a  (common), 
Tlie  commercial  hydrate  of  potasaa  in  sticks  will  answer  the  purpose. 
If  you  wish  to  prepare  it,  evaporate  solution  of  potassa  (o)  in  a  silver 
Ycnael,  over  a  strong  tire,  until  the  residuary  hydrate  flows  like  oiU  and 
white  liimes  begin  to  rise  from  the  surface.  Pour  the  fused  dmss  out 
cm  a  clean  iron  plate,  and  break  it  up  Into  small  pieces.  Keep  in  a 
well-stoppered  bottle  for  use. 

c  JfydraU  of  PoteusBu  (purifled  with  alcohol),  See  **  Qual.  Anal*" 
p.  43. 

C?MU — Solution  of  potassa  serves  for  the  absorption,  and  at  the  f^ame 
time  for  the  eatiuuttion  of  cai*bonic  acid.  In  many  canes,  a  tube  til  led 
witli  hydrate  of  potassa  is  used,  in  addition  to  the  apparatus  filled  with 
•oltttion  of  potassa.  Hydrate  of  potassa  purified  with  iilcohol,  which 
erfectly  free  from  sulphate  of  potassa,  is  emjiloyed  fur  the  detemii- 
on  of  sulphur  in  organic  substances. 

?•  CHLORtDB  OP  Calcium. 

a.   Crude  ftiminl  Odoride  of  Calcium^ 
J^Mparatian, — Digest^  with  warm  water,  the  residuary  mixture  of 
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chloride  of  calcium  and  lime  which  remaiiiB  after  the  preparation  of 
ammonia ;  filter,  neutralize  the  alkaline  filtrate  exactly  with  hydrochlo- 
ric acid,  and  evaporate  to  dryness  in  an  iron  pan ;  fose  the  residue  in 
an  iron  or  Hessian  crucible,  pour  out  the  fused  mafis,  and  break  into 
pieces.     Preserve  it  in  well-stoppered  bottles. 

b.  Pure  Chloride  of  Calcium. 

PreparcUion. — Dissolve  the  crude  chloride  of  calcium  of  a  in  lime- 
water,  filter  the  solution,  and  neutralize  exactly  with  hydrochloric  acid ; 
evaporate,  in  a  porcelain  dish,  to  dryness,  and  expose  the  residue  for 
several  hours  to  a  tolerably  strong  heat  (about  200^),  on  the  sand-bath. 
The  white  and  porous  mass  obtained  by  this  process  consists  of  C^  CI 
+  2aq. 

Uses. — The  crude  fused  chloride  of  calcium  serves  to  dry  moist 
gases ;  the  pure  chloride  is  used  in  elementary  organic  analysis  for  the 
absorption  and  estimation  of  the  water  formed  by  the  hydrogen  con- 
tained in  the  analyzed  substance.  The  solution  of  the  pure  chloride  of 
calcium  must  not  show  an  alkaline  reaction. 

8.  Bichromate  of  Potassa. 

Bichromate  of  potassa  of  commerce  is  purified  by  repeated  recrystal- 
lisation,  imtil  chloride  of  barium  produces,  in  the  solution  of  a  sample 
of  it  in  water,  a  precipitate  which  completely  dissolves  in  hydrochloiio 
acid.  Bichromate  of  potassa  thus  perfectly  free  from  sulphuric  acid  is 
required  more  particularly  for  the  oxidation  of  organic  substances  with 
a  view  to  the  estimation  of  the  sulphur  contained  in  them.  Where  the 
salt  is  intended  for  other  purposes,  e.g.y  to  determine  the  carbon  of  or- 
ganic bodies,  by  heating  diem  with  chromate  of  potassa  and  sulphuric 
add,  one  recrystallization  is  sufficient. 
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FORMS  AND  COMBENATIONS  U^  WHICH  SUBSTANCES 
ARE  SEPARATED  FROM  EACH  OTHER,  OR  IN  WHICH 
THEIR  WEIGHT  IS  DETERMINED. 

§67, 

TttK  quantitative  analysis  of  a  compound  substanee  reqtiires,  as  the  first 
and  most  indiapensablo  coiidition,  a  correct  and  accurate  knowledge  of 
the  composition  and  properties  of  the  new  combinations  into  which  it  is 
intended  to  convert  its  several  individuHl  constituents,  for  the  purpose 
of  aepamting  them  from  one  another,  and  determining  their  several 
weights.  Regarding  the  properties  of  tlie  new  compomids,  we  have  to 
inquire  more  particularly,  in  the  first  place,  how  they  behave  with  sol- 
vents ;  seeondly,  what  is  their  deportment  in  the  air ;  and,  thirdly,  what 
is  their  behavior  on  ignition  ?  It  may  be  laid  down  aa  a  general  rule, 
thAt  compounds  are  the  better  adapted  for  quantitative  determination 
the  more  insoluble  they  are,  and  tlie  less  alteration  they  undergo  upon 
exposure  to  air  or  to  a  high  temperature. 

The  composition  of  bodies  is  expressed  either  in  per-centa,  or  in  stol- 
diiometncal  or  symbolic  formidte ;  by  means  of  the  latter,  the  consti- 
tntion  of  the  more  frequently  recuning  compounds  may  he  easily  re- 
memberecL  In  this  Section  the  composition  of  the  substances  ti*eated 
of  ifi  given  in  three  diflerent  ways,  in  as  many  columns :  the  first  column 
givee  the  composition  of  the  substance  in  sjTiibols  ;  the  aecond,  in  equi* 
Talents  (H  =  1)  ;  the  third,  in  per-centa.  With  respect  t^  its  composi- 
tion, a  compound  is  the  better  adapted  for  the  quautitativtj  dett?rmina- 
tion  of  a  body  the  less  it  contains  relatively  of  that  body  ;  since  any  error 
or  loss  of  substance  that  may  occur  in  the  course  of  the  analytical  pro- 
cess will  exercise  the  less  influence  upon  the  accuracy  of  the  results. 
Thii%  ammomo-hichloride  of  platinum,  for  instance,  is,  in  this  i^espect, 
l»etter  adapted  than  chloride  of  anuBouium  for  the  determination  of 
nitrogfin ;  since  the  former  contains  only  6'27  per  cent.,  while  the  latter 
cont^ns  26,2  per  cent,  of  the  element  in  question. 

Suppose  we  have  to  analyze  a  nitrogenous  substaiicc  ; — we  estimate  its 
nitrogen  in  the  form  of  bichloride  of  platinum  and  chloride  of  ammonium. 
Whtm  the  process  is  condiictc'd  with  absolute  accuracy,  0*300  gnn.  of 
til©  analyzed  body  yields  1*U00  gnix,  of  ammonio-bichloride  of  jdatinum: 
100  {Mtfta  of  this  double  chloride  contain  6*27  parts  of  nitrogen,  TOOO 
fi>i><4in#  therefore  0-0627  of  that  element.  Hiese  0-OG27  have  been  de- 
rived firom  0*300  of  substance;  100  parts  of  the  analyzed  body,  cons»- 
^pMnUy,  contain  20*90  of  nitrogen. 

We  now  make  a  second  analysi^r  in  which  we  convert  the  nitrogen  of 
lll«  ^obetance  to  be  analyzed  iiito  chloride  of  ammonium,  instead  of 
bichloride  of  platinum  and  chloride  of  ammonium :  we  again  con- 
duct the  process  with  absolute  accuracy,  and  obtain  from  0*300  of  the 
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MubHtanco  under  oxamination,  0*2394  of  chloride  of  ammonium,  corre- 
MIM>uding  to  0*0027  of  nitrogen,  or  20*90  per  cent. 

Now,  let  UH  aHHume  a  loss  of  10  milligrammes  to  baye  occurred  in 
mach  proct^ss: — this  will  alter  the  result,  in  the  first  instance,  from  1*000 
to  0*990  of  bichloride  of  platinum  and  chloride  of  ammonium,  corre- 
Hpoiiding  to  0*002073  of  nitrogen,  or  20*09  per  cent.;  the  loss  of  nitrogen 
will  thm-efore  bo  20*90-20*09=0*21. 

In  the  second  instance  the  result  will  be  altered  from  0*2394  to  0*2294 
of  chloride  of  ammonium,  corresponding  to  0*0001  of  nitrogen,  or  20.03 
per  ami.     The  loss  in  this  case  will  consequently  amount  to  0*87. 

Wo  soe  here  that  the  same  error  occasions,  in  the  one  case,  a  loss  of 
0*21  per  ct»nt.,  with  rt»8iH»ct  to  the  amount  of  nitrogen;  whilst,  in  the 
other  oast*,  the  loss  amounts  to  0*87  \>er  cent. 

We  will  now  proceed  to  enumerate  and  examine  those  combinations 
of  the  several  bodies  which  are  best  adapted  for  their  quantitatiye 
deU»rmimition.  The  description  given  of  the  external  form  and  appear- 
ance^ of  the  new  com}>ounds  relates  more  particularly  to  the  state  in 
whioli  they  are  obtained  in  our  analyses.  With  regard  to  the  proper- 
ties of  the  new  com]H)unds,  we  sliall  confine  ourselves  to  the  enumeration 
of  those  which  bi^ar  u}k>u  the  special  object  we  have  more  immediately 
in  view. 

A. — Forms  in  which  the  bases  are  weighed  or  precipitated. 

BASES  OF  THE  FIRST   GROUP. 

§  08. 
1.  PoTAssA  (or  Potash). 
llie  (^'kuibi nations  Ivst  suitoii  for  the  weighing  of  potassa  are,  SUL- 

rH\TK    OK    IVTASS\^    CUIOKIPE    OF   Pi^TASSirif,  BirHLORIDE    OF    PLATIXUM 

ANO  riuouiOK  OK  ivTvssu  M  (PotAssicv- Bichloride  of  Platinum). 

iK  ^..y *..»*-  tY  ft:.K<s^f^  in  the  analytical  processs  is  obtained  as  a 
white  cr\>-t,4r,inc  mas.'*.  It  diss*.-k]vcs  ^-ith  some  diffioultv  in  water  (1 
IvArt  txsr.iiviv.j:  10  jvutii  of  water  of  1.  ^.  it  is  almost  absolutely  insoluble 
in  p\uv  aKN^hv^*»  but  Nlijjhtly  m^Mv  soliillo  inaUvhol  containing  sulphuric 
acul  v^'^r-'  ^*^'  ^*^»  ^^  ^^'^^^^  '-^^^  a:fix"t  vci^^tabie  o^^lors;  it  is  unalter- 
aMc  it;  the  a\r.  Tt-.t*  ov\s:c4is  aivrt^iniAte  s:n»us::ly  when  heated.  "When 
\cv\  st:\*v.j:"\  ij;:r.:«Ni  t*.»v  a  K-r.^  ::::;?*  iho  sail  Icses  weight  a  little^  even 
>fc5;cv.  uslx^x".:.^  piv;^  a:v  c\c*.ud>a, — :hc  residue  (xva^s&es  an  alkaline  re- 
*c',Xx^*.v  NVV./v.  e\».vv*:M  t^^  A  rtxi  >..\*:,  iu  \v::; unction  with  chloride  of 
aiy, u*, v^ '. . \  ',1  v,\,  > \ ; '  vV. .-% !  .^  x-  •'  i\- :<ksc<B»  is  ivir:  ly ,  ar.^i,  upon  repeated  application 
of  th;'   i*«A\\  vs^  >fc*;^;*x,  vvv.xertvxi.  ^::i;  e:ferves<vniv,  into  chloride  of 

K  o *• ::  M^^s 

5^  ^\      *>:•;•  io-i^i 


l^,vv.'.>,A?-o  oi  *jVv\v>*A     K  v\  S  v^,  •  U  v\  >  0.\  w-iicii  is  alwavs  pro- 
.v,;,\\\  >*>/'•.  ;^o  v.- r.:^:  w  :  >  i"  v*.  v. -^  :;••■:  :.•  -'.T2k--;Si  with  free  sulphuric 

A.-.i.'ix  A^^.•x^  X.,  '„;:.>  .  *-^  ,  ^  .^  .^  •*  >^  -  ,  v--.  i:  A  — ..xiemte  beat.  At 
*  *\N".  Nx.  v'^/x  V  .  >  >  .  ."  -r.-.-  Av.  '.  ;.vr  -.-7'r  TiTiTi  tiie  W^xc  water, 
o,        .,    v.i,'.   *      ,  V  xw  .  ,  .V   ,-..  i,.\. ;.  ,c  ;^'f  A^'ii  ii.  to  the  neutral 


BABES  OF   OBOUP   I, 


103 


aidt  reqmritig  the  long-continued  application  of  an  intense  red  beat. 
Howevnv  wbeu  heated  in  an  atmosphere  of  carbonate  of  ammonia — 
which  may  be  rtnuUly  ju-oem-ed  by  re{>eatedly  throwing  into  the  fiunt 
red-hot  cnicible  containing  the  bisulphatCj  small  Inmpsof  pure  ctirbonate 
of  ammomii,  and  pultitig  on  the  lid — the  acid  salt  changes  readily  and 
quickly  to  t)m  m^utral  sulphate.  The  tninsformation  may  be  considered 
csomjdf  t<^  »»  soon  as  the  salt,  which  wiis  so  readily  fusible  before,  assumes 
tlie  solid  state,  at  a  faint  red  heat. 

6.  Chloridt  of  potassium  m  obtained  in  analysis  as  cubic  crystals,  or  as 
.ft  cryblat  Line  mass.  It  is  readily  soluble  in  water,  hut  much  lens  so  in 
mlut4>  hydrochloric  acid  ;  in  absolute  alcohol  it  is  nearly  insoluble,  and 
but  liligbtly  soluble  in  spirit  of  wine.  It  does  not  aflect  vcgetalile  colors, 
antl  is  unalterable  in  the  air.  When  heated  it  decrepitates,  unless  it  has 
been  kejit  long  diying,  with  ex|udt*ion  of  a  little  water  mcchaiiiially  con- 
fined in  it.  At  a  moderate  red  heat  it  fuses  nnaltered,  and  without 
diminution  of  weight ;  when  exposed  to  a  higher  temperature^  it  volatilizes 
in  wliite  fumes ;  this  volatilization  piYiceeds  the  more  dowly,  tlie  more 
elfiHrtuaUy  the  access  of  air  is  prevented  (Expt,  No.  7).  When  repeat- 
wily  evttpomted  with  solution  of  oxalic  acid  in  excess,  it  is  converted  in- 
to ox»h«t'^  of  potasaa.  When  evaporated  with  oxce^is  of  nitric  acid,  it  is 
reaAlily  and  coui]detely  into  nitrate.  On  ignition  with  oxalate 
if  it,  carbonate  of  potassa  and  cyanide  of  potassium  are  formed  in 

notii^eable  quantities. 


K  .,. 3911 

CI 35-46 


62*45 
47-55 


74-57  100-00 

e,  SifMorxJe  of  platinum  and  elUoride  of  potamum  (Potassio-bichlo* 
yid^  of  Platinum)  presents  either  small  reddish-yellow  octatiedra,  or  a 
lemon-colored  powder.    It  is  tlitticiiltly  soluble  in  cold,  more  readily  in 
hot  water ;  nearly  iiisoluble  iu  absolute  alcohol,  and  but  sparingly  sol- 
uble in  spirit  of  >^ine — one  part  rcrpiiring  for  its  solution,  respectively, 
I20v**3  ports  of  absolute  alcohol,  37  7  o  parts  of  spirit  of  wine  of  7G  percent. 
aiui   1U53  parts  of  spiiit  of  wine  of  fy'y  per   cent.    (Kxpt.  No.  H,  a), 
Prfaeenoe  of   free   hydrochloric   acid   sensibly   increases   the    solubility 
(Expt.  No.  8,  h).     In  catistic  jK>tassa  it  dissolves  completely  to  a  yellow 
"      i       It  is  unalterable  in  the  air^  and  at  100°;     On  exposure  to  an  in- 
t*¥*#l  heal,  2  e<p  of  chlorine  escajie,  metallic  platinum  and  cldoride 
im  being  left;   but  even  after   long-coutiuuetl    fusion,  there 
Iways  a  little  potassio-bi chloride  of  platinum  which  resists 
ti'  ion.     Complete  decomposition  is  easily  etl'ected,  by  igniting 

ti.  '   s&Xt  in  a  currtint  of  hyilrogeu  gas,  or  with  some  oxalic  acid. 

K  ......  .      39-1 1      MyUQ        K  a 74*57      30-51 

Pi 98-94      4048        PtCl^......      1G9-86      09-49 

CI, lQG-38      43-52 


244-43    100-00 


244-43    100-00 


§69. 
2.  Soda. 

Soda  is  usually  weighed  as  suu^hate  or  BOD  A,  cHLoniDE  of  sobiuii, 
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or  CABBONATE  OF  SODA.     It  is  Separated  from  potassa  in  the  form  of 

SODIO-BICHLORIDE  OF  PLATINUM. 

a.  The  anhydrous  neutral  sulphate  of  soda  is  a  white  powder  or  a 
white  very  friable  mass.  It  dissolves  readily  in  water ;  but  is  sparingly 
soluble  in  absolute  alcohol;  presence  of  free  sulphuric  acid  slightly  in- 
creases its  solubility  in  that  menstruum ;  it  is  somewhat  more  readily 
soluble  in  spirit  of  wine  (Expt.  No.  9).  It  does  not  affect  vegetable 
colors ;  upon  exposure  to  moist  air,  it  slowly  absorbs  water  (Expt.  No. 
10).  When  heated  to  fusiou,  it  scarcely  loses  weight,  but  when  exposed 
to  a  white  heat  for  a  long  time,  it  decidedly  loses  weight,  even  when 
reducing  gases  are  excluded ;  the  residue  then  shows  a  slight  alkaline 
reaction.  Wlien  ignited  with  chloride  of  ammonium,  it  compoi*ts  itself 
the  same  as  sulphate  of  potassa  under  similar  circumstances. 

Na  0 31  43-66 

SO3 40  66-34 


71  100-00 

Bisulphate  of  soda  (Na  O,  S  O3  +  H  O,  S  O3),  which  is  always  pro- 
duced upon  the  evaporation  of  a  solution  of  the  neutral  salt  with  sul- 
phuric acid  in  excess,  fuses  even  at  a  gentle  heat ;  it  may  be  readily 
converted  into  the  neutral  salt,  in  the  same  manner  as  the  bisulphate 
of  potassa  is  converted  into  the  neutral  sulphate  (see  §  68,  a). 

b,  Cldoriih  of  sodium  crystallizes  in  cubes.  In  analysis  it  is  fre- 
quently obtained  as  an  amorphous  mass.  It  dissolves  readily  in  water, 
but  is  niucli  less  soluble  in  hydrochloric  acid  ;  it  is  nearly  insoluble  in  ab- 
solute alcohol,  and  but  sparingly  soluble  in  spirit  of  wine.  100  parts 
of  spirit  of  wine  of  75  per  cent,  dissolve  at  a  temperature  of  15°,  0*7 
part.  It  is  neutral  to  vegetable  colors.  Exposed  to  a  somewhat  moist 
atmosphere,  it  slowly  absorbs  water  (Expt.  No.  12).  Crystals  of  this 
salt  that  have  not  been  kept  drying  a  considerable  time  decrepitate 
when  heated.  The  salt  fuses  at  a  red  heat  without  decomposition ;  at 
a  white  heat,  and  in  open  vessels  even  at  a  bright  red  heat,  it  volati- 
lizes in  wliite  fumes  (Expt.  No.  13).  If  a  carburetted  hydrogen  flame 
acts  on  fusing  chloride  of  sodium,  hydrochloric  acid  escapes,  and  some 
carbonate  of  soda  is  fonned.  On  evaporation  with  oxalic  or  nitric  acids, 
as  well  as  by  ignition  with  oxalate  of  ammonia,  it  comports  itself  like 
the  corresponding  salt  of  potassa. 

Na 23-00  39-34 

CI 35-46  60-66 


58-46  100-00 

c.  Anhydrous  carbonate  of  soda  is  a  white  powder  or  a  white  very 
friable  mass.  It  dissolves  readily  in  water,  but  much  less  so  in  solu- 
tion of  ammonia  (^Iargueritte)  ;  it  is  insoluble  in  alcohol.  Its  re- 
action is  strongly  alkaline.  Exposed  to  the  air,  it  absorbs  water  slow- 
ly. On  moderate  ignition  to  incipient  fusion  it  scarcely  loses  weight ; 
on  long  fusion,  however,  it  volatilizes  to  a  considerable  extent  (Comp, 
Expt.  14). 

NaO 31  58-49 

CO 22  41-51 

53  100-00 
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ilo-hichUmde  of  plaimufn  crystaUizea  with  6  equivalents   of 
(Na  CI,  Pt  Clj  4-  6  aq.),  in  light  yellow,  tranRparentj  prismatic 
GzjBtals  which  dissolve  readily  both  in  water  and  in  spitit  of  wine, 

§70. 
3.  AmioifiA. 
Eionia  ia  most  appropriately  weighed  as  chloride  of  ahmonicm, 

^*l  BICHLORIDE  OF   PLATINUM  AKD   CULOIIIBE   OF   AMMONIUM  (ammonio- 

tchhjridc  of  platinum)* 
Under  cert^i  circmnstancc^a,  ammonia  may  also  be  estimated  &om 
the  volume  of  the  nitrogen  gab  eliminated  from  it. 

a.  CfduTide  of  ammoniu7ti  is  obtained  in  analysis  as  a  white  mass. 
It  dissolves  readily  in  water,  but  difficultly  in  spirit  of  wine.  It  does 
Dot  alttir  vegetable  colors,  and  remains  unalteretl  in  the  air.  Solution 
q(  cidoride  of  ammonium,  when  evaporated  on  tbe  water-bath,  loses  a 
■>  quantity  of  ammonia,  and  becomes  slightly  acid.  The  diminu- 
weight  occasioned  by  this  loss  of  ammonia  is  very  trifling 
(Expt,  No.  15).     At  100'^  chloride  of  ammonium  loses  nothing,  or  very 

^ little  of  its  weight  (oomp.  same  Expt).     At  a  higher  tempei'ature  it  vo- 
JAtilizes  readily,  and  without  undergoing  decomposition. 
i 
bic 


NH, 

...     18-00     33-67 
.  . ,     35-46     66-33 

n  CI 

.,.      17-00     31-80 
..•     36-46     68-20 

53-46  lOO'OO 


63-46  100-00 


I 


b.  ^kMoriiU  of  platlmtm  and  chloride  of  ammonium  (ammonio- 
bichloriJe  of  platinum)  occurs  either  as  a  heavy  lemon-colored  powder, 
or  in  small,  hard  octahedral  crj^stals  of  a  bright  yellow  color.  It  is  dif- 
ficultly soluble  in  cold,  but  more  readily  in  Lot  water.  It  ia  vei-y  spar- 
ingly soluble  in  absolute  alcohol,  but  more  reatlily  in  spiiit  of  wine — 
I  piu-t  rcHjuiring  of  absolute  alcohol^  20535  part«  ;  of  spirit  of  wine  of 
7t>  j»er  cent.,  1106  parts  ;  of  spirit  of  wine  of  br>  per  cent,,  665  parts. 
The  pres«-*nee  of  free  acid  seiiHihly  increases  its?  solubility  (Expt.  No, 
16).  It  remains  unaltered  in  the  air,  and  at  100^.  Upon  ignition  chlo- 
rine and  chloride  of  ammonium  escape^  lea\ing  the  metallic  platinum  as  a 
piirottM  mass  (spongy  platinum).  However,  if  due  care  be  not  taken  in 
this  process  to  apply  the  heat  gi*adiially,  the  escaping  fumes  wall  carry 
Oiff  particles  of  platinum,  which  will  coat  the  lid  of  the  crucible. 


NH,.. 

Vi 

CI, 

106-38 

8-06 
44-30 
47-64 

HCl  .. 
PtCU. 

17-00 

36-46 

169-86 

7-61 
16-33 

76-06 

1 

223-32 

100-00 

223-32 

100-00 

NH,Cl. 
PtCl,  .  . 

53-46 

169-86 

23-94 

76-06 

K 

Pt  . . . , 

Cls.,.. 

14-00 

4-00 

98-94 

106^38 

6-27 

1-79 

44-30 

47'64 

223-32 


100-00 


223-32        100-00 
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c  KUragen  gtu  ib  colorless,  tasteless,  and  inodoroua ;  it  mixcss  with 
air  without  producing  the  slightest  eoloratiozi :  it  does  not  a0ect  v6^t-'  ^ 
tuble  colom.     Its  specific  gravity  i«  0'D6!>78  (iiir=  1).     One  litre  (o 
cubic   decimeter)    weighs   at   0^,   and    U'7G    meter  of  the   barometer 
1-25456  gmi.     It  is  difficultly  soluble  in  water,  1  volume  of  water  afa 


sorbing,  at  O'',  and  07  G  pressure,  0*02035  vol. 
at  15**,  Q'0U78  vol.  of  nitrogen  gas  (Buksen)* 


at  10%  0*01607  voLj 


BASES  OF  THB   SECOND   QBOI7P« 

§  n, 

1.  Babyta. 
Baryta  is  weighed  as  sflphatx  of  baryta,  cabbonatk  of  baryta,  and 

SlLICO-rLUORIDE  OF  BARIUM. 

a.  Artificially  prc<pared  mdphaU  of  fmnjta  present*?  the  appearance  of 
a  fine  white  powder.  When  recently  pi*ecipitated,  it  is  diilicult  to  ob- 
tain a  clear  filtrate^  especially  if  the  j>recipitation  was  etTected  without 
the  aid  of  heat,  and  the  solution  contains  neither  hydrochloric  acid  nor 
chloride  of  ammonium.  It  k  insoluble  in  cold  and  in  hot  water,  it 
has  a  great  tendency,  upon  precipitation,^  to  carry  down  'with  it  othex 
substances  contained  in  the  solution  from  which  it  seimrateg,  moi-©  par- 
ticularly  nitrate  of  baryta,  chloride  of  barium,  sesquioxide  of  iron,  «te. 
These  substances  can  generally  be  completely  removed  only  after  igni- 
tion, by  washing  with  appropriate  solvents.  Even  the  precipitate  ob- 
tained from  a  solution  of  cliloritle  of  barium  by  means  of  sulphuric  acid 
in  excess  contains  traces  of  chloride  of  barium,  which  it  is  uin^iosusible  to 
remove,  even  by  washing  with  boiling  wat*r^r,  but  wliich  are  dissolved 
by  nitric  acid  (Sieole).  Cold  dilute  acids  dissolve  trifling,  yet  appre- 
ciable tnu-es  of  sulphate  of  baryta  ;  for  instance,  1000  parts  of  nitric 
acid  of  1052  sp.  gr.  dissolve  0<M]2  parts  of  Ba  O,  S  O^.  Cold  concentra- 
ted acids  disflolve  conKidenibly  more  ;  thus,  1000  parts  of  nitric  acid  of 
1"1*)7  sp.  gi*.  dissolve  2  parts  of  Ba  O,  8  i\  (Calvert).  Boiling  hydro- 
chloric iicid  also  dissolves  appreciable  ti^aces  ;  thus  230  c.  c»  of  hydro- 
chloric acid  of  1*02  sp.  gr,  were  found,  after  a  quarter  of  an  hour's  boil- 
ing with  0Mi7S)  grm,  of  sulphate  of  baryta,  to  have  dissolved  of  it  0*048 
grm«  Acetic  acid  liissolves  less  sulphate  of  baryta  than  the  other  acids ; 
thus,  80  c.  c.  of  acetic  acid  of  ]  1)2  sp,  gr,  were  found,  after  a  quarter  of 
an  hours  boiling  with  0*4  grm,  of  BaO,8  0.i,  to  have  dissolved  only  0*002 
grm.  (Siegle).  Free  chlorine  considerably  iiici*eases  the  solubility  of 
sulphate  of  barji*  (O.  L.  ERinLiNx).  Seveml  salts  more  particularly 
interfere  with  the  precipitattoii  of  baryta  by  suliihunc  acid,  I  observed 
this  some  time  ago  with  chlorido  of  magnesium,  but  nitrate  of  ammonia 
(MiTTENTZWKv)  aud  alkalmo  citrates  (Spillkk)  possess  this  property  in 
a  high  degree.  In  the  hist  case  the  precipitate  appeal's  on  the  addition 
of  hydrochloric  acid.  If  a  fluid  contains  metaphosphoric  acid,  barj'ta 
cannot  be  completely  precipitated  out  of  it  by  means  of  sulphuric  acid  ; 
the  resulting  precijiitate  too  is  not  pure,  but  contains  phosphoric  acid 
(SuHEEHER,  Rube),  Sulphate  of  baryt-a  reniaiua  quite  uimltered  in  the 
air  at  100^,  and  even  at  a  red  heat.  On  ignition  with  charcoal,  or  un* 
der  the  infiuonce  of  redncing  gases,  it  is  converted  comparatively  easily, 
but  as  a  rule  only  partially,  into  sulphide  of  barium.  On  ignition  with 
chloride  of  anmioaium,  sulphate  of  baryta  undergoes  partial  decompo- 
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aitiaa.  It  b  not  aSected,  or  affected  but  very  slightly,  by  cold  boIu- 
lions  of  alkaliue  biearbonates  or  of  caHM>iiat«  of  ftumionia  ;  solutionn  of 
tlie  monocarbouatc'H  of  the  tixed  alkalies  when  cold  have  onjy  a  slight 
d€HXiDip*j>*Uig  action  upon  it  ;  but  when  lioiling,  and  upon  repeHted  ajv 
plicatioD,  tlwy  oiled  at  lft.st  the*  complt* t«  decomposition  of  the  salt  (H. 
li*i&K).  By  fuaiou  witb  alkaline  carboiiatea,  sulphate  of  Ikryta  is  readily 
decomposed « 

Ba  O 7t>  5  65*67 

S0» 40  0  34  33 


116*5  100-00 

fr.  Artificially  prepared  carhotuits  of  baiyt^i  is  a  white  powder.  It 
disiiolvcs  in  14137  parts  of  cold,  and  in  16421  paHs  of  boiling  water 
(Expt.  No.  17).  It  dissolves  far  more  readily  in  solutions  of  chloride 
of  ammonium  or  nitrate  of  ammonia  ;  from  these  solutions  it  is,  how- 
r-rer^  precipitat<^d  again,  though  not  completi^ly,  by  caustic  ammonia. 
In  water  containing  free  carbonic  acid,  earlxmate  of  baryta  dissolves  to 
bicarbonate*  1  n  water  cont4uniiig  ammonia  and  carbonate  of  ummonia,  it 
is  nearly  insoluble,  one  part  requiring  alMut  1411)00  parts  (Expt.  No. 1 8), 
Its  solution  in  water  ha.s  a  very  faint  alkaline  reaction.  Alkaline 
dtratea  and  metapho.si>hate3  impede  the  precipitation  of  baiyta  by  car* 
Iwinatc  of  tanmonia.  It  is  unalterable  in  the  air,  and  at  a  retl  heat, 
Wlien  ex}K»sed  to  the  strongest  heat  of  a  blast-furnace,  it  slowly  yields 
tip  the  whole  of  its  carbonic  acid;  this  expulsion  of  the  carbonic  acid  ia 
promo ti?d  by  the  simultrincous  action  of  aqueous  vapor.  Upon  heating 
It  to  redues**  M-ith  charcoal,  caustic  baryta  ia  formed,  with  evolution  of 
oarbonic  oxide  gas. 

BaO 76-5  77  67 

0  0, 220  22'33 

98-5  100-00 

e.  Sil{cO'Jluorifi4  of  barium  forms  small,  hard,  and  colorless  crystals, 
or  (more  generally)  a  crystalline  powder.  It  dissolves  in  3800  parts 
4>f  cold  water  ;  iu  liot  water  it  is  more  readily  soluble  (Expt,  No.  19), 
Tlie  prf'sence  of  free  hydrochloiic  acid  increa,Hes  its  solubility  considera- 
bly (Expt.  No.  20).  Chloride  of  ammonium  acts  also  in  the  same  way 
(I  part  silicLi-fluoride  of  barium  clLssolves  in  428  parts  of  sjitunited,  and 
689  (uirts  of  dilute  solution  of  chloride  of  ainmoniuin.  J,  W.  Mallet). 
In  cpirit  of  wine  it  ia  almont  insobilde.  It  in  unalterable  in  the  au*,  and 
at  lUil°  ;  when  ignited,  it  is  decomposed  into  tluorido  of  silicon,  which 
tt80ft|M*s,  and  fluoride  of  barium,  which  remains. 

BuFl 87  5         62*72  Ba. . , . , ,     685         4910 

Siil, 52*0         37-28  Si 14-0         10-04 

Fl, 57*0        40-86 

139-5      100*00  139*5       lOO'OO 

§72. 
2.  Strontia. 
&troiitia  is  weighed  either  as  sulphate  of  strontu,  or  as  cabbonatk 
or  BTBOjrriA. 
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a.  Sulphate  of  Btrontm^  artificially  prepared,  is  a  white  powder.     It 
dissolves  in  6895  parta  of  cold^  and  9638  partes  of  boiling  water  (Expt.  No» 
21),     In  water  containing  siilpbtiric  acid,  it  is  still  more  dilHcultlj  8olifc-l 
ble,  requiring  from  llOUO  to  12000  parts  (Expt  No.  22).      Of  coldi 
hydrochloric  acid  of  8 '5  i)er  cent.,  it  nH|uire«  474  parts ;  of  cold  nitriaj 
acid  of  4*8  per  cent.,  432  parts  ;  of  cold  acetic  acid  of  15'6  per  cent,  off 
A,  HO,  as  much  aa  7843  pai-ts  (Exi)t.  No.  23),    It  dissolves  in  eolutioni 
of  chloride  of  sodium,  but  is  precipitated  again  from  this  solution  b| 
sulphuric  acid.    Metaphosphoric  acid  (ScHEERER,  Rube),  and  also  alkiUl 
line  citrates,  but  not  free  citric  acid  (Spiller),  impede  the  precipitation! 
of  strontia  by  sulphuric  acid.     It  is  neiirly  insoluble  both  in  absolut 
alcohol  and  in  spirit  of  wine.     It  does  not  alter  vegetable  color's ; 
remsdns  unaltered  in  the  air,  and  at  a  red  heat.     When  exposed  to  ( 
most    intense    red   beat,   it   fuses  without   undergoing   decomposition.] 
When  ignited  with  charcoal,  or  under  the  iidluence  of  reducuig  gases,  it 
is  converted  into  sulphide  of  strontium.     The  solutions  of  carbonates 
and  bicarbonates  of  potassa,  soda,  and  anmionia  decompose  sulphate  of 
sti'outia  completely  at  the  common  temperature,  even  when  oonsiderablel 
quantitiea  of  alkaline  sulphates  are  present  (H.  Rose).     Boiling  pro- 
motes the  decomposition. 

SrO 51-75  56-40 

SO...... 4000  43-60 


91*75 


100*00 


b.   Carbonate  of  strontUty  artificially  prepared,  is  a  white,  light,  loose 
powder.     It  dissolves,  at  the  common  temiieratui*e,  in  18045  parts  of i 
water  (Expt,  No.  24).     Presence  of  ammonia  diminishes  its  solubilit 
(Expt.  No.  25).     It  dissolves  pretty  i*eadily  in  solutions  of  chloride  ofl 
ammonium  and  of  nitrate  of  ammonia,  but  is  precipitated  again  fron 
these  solutions  by  ammonia  and  carbonate  of  ammonia,  and  more  cou 
pletely  than  carbonate  of  baryta  under  similar  cii^ciunstances,     Wat 
impregnated  with  carhomc  acid  dissolves  it  as  bicarbonate.    Ita  rea 
is  very  feebly  alkaline.     Alkaline  citrates  and  metaphosphates  irapc 
the  precipitation  of  sti-ontia  by  alkaline  carbonates.    Jguitetl  with  ace 
of  air  it  is  infusijale,  but  when  exposed  to  a  most  intense  heat,  it  fuse%l 
and  gradually  loses  its  carbonic  acid.    On  ignition  with  charcoal,  canst 
strontia  is  formed,  with  evolution  of  carbonic  oxide  gas. 


Sr  0 

. . 51-75 

70-17 

C  0,  .... 

22*00 

29-83 

73-75 

100-00 

§73. 

3.  Lime. 

lime  is  weighed  either  as  sulphate  of  lime,  or  as  carbokate  of  Lntti 
to  convert  it  into  the  latter  form,  it  Is  first  usuxdly  precipitated  as  oxa^ 
late  of  lime. 

a.  Ai*tificially  prepared  anhydrous  mUphaU  of  linhe  is  a  loose,  white 
power.  It  dissolves,  at  the  common  temperature,  in  430  parts,  at  lOO'', 
in  4  GO  parts  of  water  (Foooiaue)*    Presence  of  hydrochloric  acid,  nitric 
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acid,  diloride  of  ammomom,  milphate  of  soda,  and  chloiide  of  ciocliiini, 
mcreas^B  its  solubility.  It  dissolvea  with  comparative  case,  especially 
on  gently  warming,  in  aqueous  solution  of  byposnl(tLit-e  of  soda  (Diehl)* 
Tliti  aqueous  solution  of  sulphate  of  lime  does  not  altor  vegetable  colorn, 
Tn  alcohol  and  in  R|^»iiit  of  wine  of  HO  per  cent,  it  is  almost  absolutely 
in?.t»Iuble.  iIxi>osed  to  the  air,  it  slowly  absorbs  water.  It  remains  un- 
alh  red  fit  a  dull  red  beat  Hoatt;d  to  intense  bright  redness,  it  fuses 
witliout  undergoing  decomposition.  At  a  whit*:^  bejit  it  loses  sulphuric 
lu  id  and  ita  weight  is  considerably  diminished^ — the  residue  has  an  alka- 
line rtanctiou  (Al.  MiTStUEHLlcil  *).  On  ignition  with  charcoal  or  under 
lh«  inlluencts  of  redncing  ga;ies  it  is  converted  into  sulpliide  of  calcium- 
Solutions  of  ulknline  curlxtnates  and  bicai*l>onate8  decompose  sulphate  of 
lime  nxore  readily  still  than  sulphate  of  strontia. 


SO,.. 


28 
40 

C8 


4M8 

58*82 

100-00 


K  Artificially  prepared  carhonaU  of  Uine  is  a  fine  white  powder.  It 
<IiflBolves  in  1000 1  part-s  of  cold,  and  in  8834  parts  of  boiling  water 
(Expt.  No.  26).  The  solution  ha^  a  barely  perceptible  alkaline  reaction. 
In  water  containing  amnion  in  and  carbonate  of  ammonia,  it  dissolves 
much  more  sparingly,  one  part  of  the  salt  requiring  about  65000  parts 
(Expt.  No,  27) ;  this  solution  is  not  precipitated  by  oxalate  of  ammonia. 
Fre«eiic©  of  chloride  of  ammoniuin  and  of  nitrate  of  ammonia  increases 
the  solubility  of  carbonate  of  lime  ;  but  the  salt  is  precipitated  again 
from  these  solutions  by  ammonia  and  carbonate  of  ammonia,  and  more 
<^  i  '  i\^  than  carbonate  of  baryta  under  similar  circumstances. 
N  ilts  of  potiissa  and  soda  likewise  increase  its  solubility.     The 

p  on  of  lime  by  alkaline  carbonate  is  completely  prevented  or 

I  >\j  interfered  ^dth  by  the  presence  of  alkaline  citnites  (Spil- 

led >  or  metaphosphates  (Rube).  Water  impregnattid  with  carbonic 
ftcid  dissolves  carbonate  of  lime  as  bicarbonate.  Carbonate  of  lime  re- 
tnains  unaltered  in  the  air,  at  100°,  and  even  at  a  low  red  heat;  but 
opoD  the  application  of  a  stronger  heat,  more  particularly  with  free  ao- 
oesi  of  air,  it  gradually  loses  its  carbonic  acid.  By  means  of  a  gas 
blowpipe-lamp,  carbonate  of  lime  (about  0'5  grm.),  in  an  open  platinum 
erueible,  is  without  difliculty  reduced  to  the  caustic  state  ;  attempts  to 
€>fitect  complete  reduction  over  a  spirit  lamp  with  double  di'aught  have, 
however,  Mled  (Expt.  No,  28).  It  is  decomposed  far  more  readily 
when  mixed  with  charcoal  and  heated  to  redness,  giving  off  its  car* 
bonic  acid  in  the  form  of  carbonic  oxide. 


CaO. 
CO,.. 


28 
22 

50 


56^00 
i4*00 

100^00 


C  Oxalate  of  linie^  precipitated  from  hot  or  concentrated  solutions,  is 
I  fine  white  powder  consisting  of  extremely  minute  indistinct  crj^stals,  and 
^  D06t  absolutely  insoluble  in  water.     If  the  oxalic  acid  is  hold  to  be 
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bi  basic  J  the  salt  has  the  formula,  2  CaO,  C^  O^  -f  2  aq<  When  precip 
tated  from  cold,  extremely  dilute  solutions,  the  salt  presents  a  more" 
distinctly  crystalline  appeai'ance,  and  consists  of  a  mixture  of  2  CaO, 
C4  On  -}-  2  aq.  and  2  (JaO,  C^  O^  -f  6  aq.  (Soitchay  and  Lexssen), 
Presence  of  free  oxalic  acid  and  acetic  acid  slightly  increasejs  the  aolu- 
bility  of  oxalate  of  lime.  The  stronger  acids  (hydrochloric  acid,  nitric 
acid)  dissolve  it  readily ;  from  these  solutions  it  is  precipitated  again, 
unaltered,  by  alkalies;  and  also  (provided  the  excess  of  acid  be  not  too 
great)  by  alkaline  oxalates  or  alkaline  acetates  added  in  excess.  Oxa- 
late of  lime  lioes  not  dissolve  in  solutions  of  chloride  of  potassium, 
chloride  of  sodium,  chloride  of  ara^monium,  cliloride  of  barium,  chloride 
of  calcium,  and  chloride  of  strontium,  even  though  these  solutions  be 
hot  and  concentrated ;  but,  on  the  other  hand,  it  dissolves  readily  and 
in  appieciable  quantities,  in  hot  solutions  of  the  salts  belonging  to  the 
magnesia  group.  From  these  solutions  it  is  reprecipitat^d  by  an  excebs 
of  alkaline  €>xiikte  (SoucHAY  and  I-enssek).  Alkaline  citrates  (Spiller) 
aud  metaphosphates  (Rltbe)  impede  the  precipitation  of  lime  by  alka- 
line oxalates.  ^Vlien  treated  with  solutions  of  many  of  tlio  heavy  me- 
tals, <y.j7.j  with  solution  of  chloride  of  copp«^r,  nitrate  of  sOver,  <kc., 
oxalate  of  lime  suffers  decomposition,  a  soluble  salt  of  lime  bei 
formed,  and  an  oxalate  of  the  heavy  metallic  oxide,  which  separat<?s  i 
diately,  or  after  some  time  (Rey^itoso).  Oxalate  of  lime  is  unaltei^ab 
in  the  air,  and  at  100',  Dried  at  the  latter  temperature,  it  has  inva- 
riably the  following  composition  (Expt,  No,  29,  and  also  Soucilay  and 
Lbkssen  *) : 

2  CaO, 56  38-36 

C,0,..,.. 72  49  32 

2  aq 18  12-32 

146  100-00 

At  205°  oxolat-e  of  lime  loses  lis  water,  without  undergoing  decom-*" ' 
position  ;  at  a  somewhat  higher  temperature,  still  scarcely  reaching  dull 
redness,  the  anhydrous  salt  h  deeomposed,  without  actual  separation  of 
carbon,  into  carbonic  oxide  ajid  carbonate  of  lime.  The  powder,  which 
was  previously  of  snowy  whiteness,  transiently  assumes  a  gray  color  in 
the  course  of  this  process,  even  thongli  the  oxalate  be  perfectly  pure. 
Upon  continued  application  of  heat,  this  gray  color  disappeai'^  again* 
If  the  oxalate  of  lime  is  heated  in  small  coherent  fragments,  such  aa 
are  obtained  uprm  drying  the  precipitated  salt  on  a  llHer,  the  com- 
mencement and  progre.sB  of  the  decomposition  can  be  readily  traced  by 
this  transient  appearance  of  gray.  If  the  process  of  heating  be  conducted 
properly,  the  residue  will  not  contain  a  trace  of  caustic  lime.  Hy- 
drated  oxalate  of  lime  exposed  suddenly  to  a  dull  red  heat,  is  decom- 
posed with  considerable  sepai-ation  of  carbon. 

§  74. 
4.  Magnesia* 
Magnesia  is  weighed  as  sulphate  or  MAG!fE8iA,  ptrophosphatb  of 
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STA,  or  FURE  MAGXESiA,     To  coTiveH  it  into  the  pjrophospliate,  it 

'  predfiitated  as  phosphate  of  ammonla.  ant>  magnesia. 

a,  AxJiy<lrfjus  fftilphatr  of  maffnefnn,  is  a  white  opaque  mass.     It  dis- 

.•olvtia  readily  in  watc^r.     It  i^  nearly  aUogietljer  iusohible  in  absolute 

Icohol,  but  it  is  Bomewhat  BohibK^  iu  spirit  of  wint*.     It   does  not 

Iter  vegetable  colors.     Exposed  to  tlm  air,  it  absorbs  water  rapidly, 

it  a  modenite  rt'd  heat,  it  remains  unaltered  ;  but  when  heated  to  in- 

Dnsu  r^duesa,  it  undergoes  paHial  decomj>osition,  losing  part  of  its  acid, 

LT  which  it  is  no  longer  perfectly  soluble  in  wat't^r.      By  means  of  a 

bUixt^lamp,  it  is  tolerably  easy  to  expel  the  whole  of  the  sulphuric  acid 

from  small  nuantitiea  of  sulphate  of  niagneaia  (Expt.  No.  30).     Ignited 

with  chloride  of  ammonium,  sulphate  of  magnesia  is  not  decompose il. 


MgO. 
SO... 


20 
40 

60 


33-33 

G6-67 

100-00 


f  of  nuiffneaia  and  ammonm  is  commonly  a  white  crystal- 
line j>owder.  [Sometimes  it  uppefira  as  a  scaly  precipitate^  with  pearly  lua- 
tre^  sometimes  in  acictdar  crystals*]  It  dissolves,  at  the  couimon  tem- 
perature, in  15203  parts  of  cold  water  (Expt.  No,  31),  In  water  con- 
taining ammonia,  it  is  much  more  insoluble — one  part  of  the  salt  re- 
quiring about  45000  parts  of  the  solvent  (Expt.  No.  32).  Chloride  of 
nmmonium  slightly  increases  its  solubility  (Expt.  Nos.  34  and  35). 
rr*rience  of  alkalino  pliosphatea  exerciaes  no  influence  in  this  respect. 
It  distill vts  n'iulily  in  acids,  even  in  acetic  acid.  Its  composition  ia  ex- 
j>rt\^.'R:d  by  the  fonnula 

2  Mg  O,  N  H,  O,  P  O,  +  12  aq. 

10  €»q.  of  wat*?r  escjij>e  at  100^,  the  remaining  2,  together  with  the 
iBiojda,  at  a  red  heat,  leaving  2  Mg  O,  P  O^,  The  change  of  the  or- 
nary  phosphoric  to  pyrophosphoric  acid,  is  indicated  by  a  vivid  incan- 

pnce  of  the  whole  mass. 
If  phosphate  of  magnesia  and  ammonia  is  dissolved  in  dilute  Iiydro- 
liloric  nr  nitric  acid,  and  ammonia  be  then  added  to  the  sohition,  the 
mU  is  rej»recipitiitetl  completely,  or  more  correctly,  onlj  so  nmch  remains 
in  solution  aa  corresponds  to  its  ordinary  solubility  in  water  containing 
ammonia  and  ammoniacal  salt  (Expt,  No,  33). 

r.  I^t/rophoiitphat^  of  mfrfptetfia  prewents  the  appearance  of  a  white 
masa,  uft<.'fn  slightly  inclining  to  gray.  It  is  barely  soluble  in  water,  but 
reuulily  so  in  hydrochloric  acid,  and  in  nitric  acid.  It  remains  unal- 
ti^rwl  in  aii\  and  at  a  red  beat ;  at  a 'very  intense  heat  it  fuses  ujialtered. 
ExjKised  at  a  white  heat  to  the  action  of  hydrogen,  3  Mg  O,  P  O^  is 
formed,  while  P  H,,  P  and  P  O,  escape.  3  "(2  Mg  O,  P  0,)=2  (3  Mg 
O,  P  On)  -h  P  Oft  (Struve*),  It  leaves  the  color  of  moist  turmeric-, 
and  of  reddened  htmus-paper  unchanged. 

If  we  diaai>lve  pyrophosphate  of  magnesia  in  hydrochloric  or  nitric 
lid,  add  water  to  the  solution,  boil  for  some  time,  and  then  precipitate 
ith  ammonia  in  excess,  we  obtain  a  precipitate  of  phosphate  of  mag- 
i  and  ammonia  which,  after  ignition,  affords  less  2  Mg  O,  P  0^,  than 
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i  originally  employed*  Weber  gives  the  loss  aa  from  1*3  to  2*3  j^&r 
cent.  My  owu  experiments  (No.  3G)  confirm  this  stittement,  and  point 
out  the  circumstADces  under  which  the  loss  is  the  least  considerjible. 
By  long-contiimed  fusion  with  raixe<l  carbonates  of  potassa  and  soda,  py- 
rophosphate of  magnesia  is  completely  decomposod,  the  phosphoric  acid 
being  reconverted  mto  the  tiibaaic  state.  If,  therefore,  we  treat  the 
fused  mass  with  hydroehlonc  acid,  and  then  add  water  and  ammoida^  wo 
re-obtaiii  on  igniting  the  precipitate  the  whole  quantity  of  the  salt 

2  MgO 40'00  36-04 

VO, ....71*00  63*96 


111*00 


100*00 
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d,  Pur^  maffnesia  is  a  white,  light,  loose  pow^der.  It  dissolves  in 
55368  parts  of  cold,  and  in  the  same  proportion  of  boiling  water 
(Expt»  No.  37),  Its  afpieous  solution  has  a  very  slightly  alkaline  re- 
action. Magnesia  dissolves  in  hydrochloric  and  in  other  acids,  w^ithout 
evolution  of  gas.  Magnesia  dissolves  readily  and  in  quantity  in  solutions 
of  neutral  ammonia  salts,  and  also  in  solutions  of  chloride  of  potassium 
and  chloride  of  sodium  it  is  more  soluble  than  in  water  (Expt,  No.  38). 
Exposed  to  the  air,  it  slowly  absorbs  carbonic  acid  and  w^ater.  Mag* 
nesia  is  highly  infusible,  remaining  unaltered  at  a  strong  red  heat^  and 
fusing  superficially  only  at  the  very  highest  temperature. 


Mg. 
0.. 

,.. 

..12 

..  8 

20 

60-03 
39*07 

100*00 

BARES  OF 

THE 

§ 

THIRD 

75. 

GROUP- 

1 

Alumika, 

Alumina  is  usually  precipitated  as  hydrate,  occasionally  aa  basic 
aoetate  or  basic  formiate,  and  is  always  weighed  in  the  pure  state. 

a,  JTf/drafe  of  nlitmina^  recently  precipitated,  Ls  gelatinous;  it  in- 
variably  retains  a  miiuite  proportion  of  the  acid  with  which  the  alu- 
mina w[is  previously  comhinedj  aa  well  as  of  the  alkali  whicli  has 
served  as  tlie  preci]>itant ;  it  is  freed  with  difficulty  from  these  admix* 
tures  by  repeated  w^ashing.* 

Hydrate  of  alumina  is  insoluble  in  pure  water ;  but  it  readily  dis- 
solves in  soda  and  potassa  j  it  is  sparingly  soluble  in  caustic  ammonia, 
and  altogether  insoluble  in  carbonate  of  ammonia ;  presence  of  ammo- 
nical  salts  greatly  diminishes  its  solubility  in  caustic  ammonia  (Cxpt;. 
No.  39),  The  correctness  of  this  statement  has  been  amply  confirmed 
by  Malaoi^ti  and  DuROriiER;f  and  also  by  experiments  made  by  my 
former  assistant,  Mr.  J.  Fu^its.  The  former  chemists  stat-e  also  that 
when  a  solution  of  alumina  is  precipitated  with  sulphide  of  ammonium, 
the  fluid  maybe  filtered  €*lf  five  numitea  after,  without  a  trace  of  alumina 
in  it,     FucHS  did  not  find  this  to  be  the  case  (Expt.  No.  40), 


♦  See  pa^e        not« 
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I?7dimte  of  alumina,  recently  precipitated,  dissolves  readily  in  hydro 
chloric  or  oitric  acid  ;  but  after  filtration,  or  after  having  remained  for 
some  time  in  the  fluid  from  which  it  has  been  precipitated,  it  does  not 
dliasolve  in  these  acids  without  conaidei-able  difficulty  and  long  digestion. 
Hydrate  of  alumina  shrinks  considerably  on  drying,  and  then  presenta 
tbe  appearance  of  a  hartl,  ti-anspiarent,  yelkminb,  or  of  a  white^  earthy 
When  lit^ted  to  redness  it  loaes  its  water,  and  this  loss  is  fr©- 
(piently  att*>nded  with  nlight  decrepitation,  and  invariably  with  con- 
siderablo  diminution  of  hulk. 

6.  Alumina^  prepareil  by  beating  the  hydr.ite  to  a  moderate  degre-e 
re<lnp«^  in  a  loose  aiid  soft  mass;  but  upon  the  application  of  a  very 
ilit*»mir  degree  of  retlneas,  it  concretes  into  small,  hard  lumps.  At  the 
most  intense  white  iieat  it  fuses  to  a  colorless  glass.  limited  alumina 
is  dissolved  by  dilute  acids  with  very  great  difficulty;  in  fuming  hydro- 
chloric acid  it  dissolves  upon  long-continued  digestion  in  a  warm  ydaoe, 
slowly,  but  completely.  It  diF^solves  tolerably  easily  and  quickly  by  first 
beating  with  a  mixture  of  8  [>art^  of  concentrated  sulphunc  acid  and  3 
ports  of  water,  and  then  adding  water  (A.  MiTScitEHLirH*).  Ignition 
in  a  current  of  hydrogen  gas  leaves  it  uimltered.  By  fusion  with  bisul- 
phiile  of  potassa  it  is  rendered  soluble,  the  resiflue  dissolving  readily  in 
water.  U{K>n  igniting  alumina  with  chloride  of  ammonium,  chloride  of 
aJuniinium  escapes ;  but  the  process  fails  to  etfect  complete  volatilization 
of  the  alumina  (H,  Rose).  When  alumina  is  fiised  at  a  veiy  high  tem- 
jierature,  in  conjunction  with  ten  times  its  quantity  of  carbonate  of 
soda,  aluminate  of  soda  is  formed,  which  is  soluble  in  water  ( R,  Rich- 
tkk).  Placed  upon  mobt  red  litmus  paper,  pure  alumina  does  not 
chaiige  the  color  to  blue. 
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r.  If  to  the  solution  of  a  salt  of  alumina,  carbonate  of  soda  or  carbon- 
of  ammonia  be  added,  till  the  resulting  precipitate  only  just  redis- 
ivw  on  stining,  and  then  acetate  of  soda  or  acetat^^  of  ammonia 
^ponred  in  in  abundance  and  the  mixture  boiled  wme  time,  the  alumina 
U  precipitated  almost  completely  as  basic  acetate  in  the  form  of  tmns- 
ent  6ocks,  so  that  if  the  iiltrate  be  boiled  with  chloride  of  ammonium 
ammonia  only  unweigliable  traces  of  alumina  separate.  If  the 
ipmility  of  acetate  of  sodji  employed  be  too  small,  the  precipitate  ap- 
pattl  morti  gi'-anular,  the  tiltrate  would  then  contain  a  larger  amount  of 
aJumifWL  The  precipitate  is  difficult  to  tilter  or  wash.  lu  wii^ihing  it 
it  til  best  to  use  boiling  water,  containing  a  little  acetate  of  soda  or 
of  ammonia.     The  precipitate  is  r^bdily  soluble  in  hydixtchloric 

^.  If^    instead   of   the  acetates  mentioned  in    r,    the   corresponding^ 
formtiiktev  he  used,  a  flocculent  voluminous  precipitate  of  basic  formiate 
•iumixiA   iji  obtained,    which  may  be    very   readily   washed    (Fit. 
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§76. 

2.  Sesquioxide  of  Chbokium. 

Sesquioxide  of  chromium  is  usually  precipitated  as  hydrate,  and 
always  weighed  in  the  pure  state. 

a,  Hydraied  sesquioxide  of  chromium,  recently  precipitated  from  a 
green  solution,  is  greenish-gray,  gelatinous,  insoluble  in  water :  it  dis- 
solves readily,  in  the  cold,  in  solutions  of  potassa  or  soda^  to  a  dark  green 
fluid ;  it  dissolves  also  in  the  cold,  but  rather  sparingly,  in  solution  of 
ammonia,  to  a  bright  violet  red  fluid.  In  acids  it  dissolves  readily,  im- 
parting a  dark  green  tint  to  the  fluid.  Presence  of  chloride  of  ammo- 
nium exercises  no  influence  upon  the  solubility  of  the  hydrate  in  ammo- 
nia. Boiling  effects  the  complete  separation  of  the  sesquioxide  from  its 
solutions  in  potassa,  soda,  or  ammonia  (Expt.  No.  41).  The  dried  hy- 
drate is  a  greeniBh-blue  powder ;  it  loses  its  water  at  a  gentle  red  heat. 

b,  Sesquioxide  of  chromium,  produced  by  heating  the  hydrate  to 
dull  redness,  is  a  dark  green  powder ;  upon  the  application  of  a  higher 
degree  of  heat  it  assumes  a  lighter  tint,  but  suffers  no  diminution  of 
weight ;  the  transition  from  the  darker  to  the  lighter  tint  is  marked  by 
a  vivid  incandescence  of  the  powder.  The  feebly  ignited  sesquioxide  is 
difficultly  soluble  in  hydrochlodc  acid,  and  the  strongly  ignited  ses- 
quioxide is  altogether  insoluble  in  that  acid.  Mixed  with  chloride  of 
ammonium,  and  exposed  to  a  red  heat,  sesquioxide  of  chromium  remains 
unaltered ;  it  suffers  no  alteration  when  ignited  in  a  current  of  hydro- 
gen gas. 

Cr, 52-48  68-62 
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§77. 
1.  Oxide  of  Zinc. 

Zinc  is  weighed  in  the  form  of  oxide  or  sulphide  ;  it  is  precipitated 
as  BASIC  CARBONATE,  or  as  sulphide. 

a.  Basic  carbonate  of  zinc,  recently  precipitated,  is  white,  flocculent, 
nearly  insoluble  in  water — (one  part  requiiing  44600  parts.  Expt.  No. 
42) — but  readily  soluble  in  potassa,  soda,  ammonia,  carbonate  of  ammo- 
nia, and  4iicids.  The  solutions  in  soda  or  potassa,  if  concentrated,  are 
not  altered  by  boiling ;  but  if  dilute,  nearly  all  the  oxide  of  zinc  present 
is  thrown  down,  as  a  white  precipitate.  From  the  solutions  in  ammo- 
nia and  carbonate  of  ammonia,  especially  if  they  are  dilute,  oxide  of 
zinc  likewise  separates  upon  boiling.  When  a  neutral  solution  of  zinc 
is  precipitated  with  carbonate  of  soda  or  carbonate  of  potassa,  carbonic 
acid  is  evolved,  since  the  precipitate  formed  is  not  Zn  O,  00^,  but  con- 
sists of  a  compound  of  hydrated  oxide  of  zinc  with  carbonate  of  zinc,  in 
varying  proportions,  according  to   the  degi-ee  of  concentration  of  the 


t 
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tcilatton,  and  to  the  mode  of  precipitation.  Owing  to  tBe  presence  and 
AcUon  of  this  lairbouic  acid,  part  of  the  oxide  of  »inc  remains  in  solu- 
tion ;  if  filtered  cold,  therefore,  the  iD trate  gives  a  precipitate  with  sid- 
pbido  of  ammonium. 

Bat  if  the  solution  is  precipitated  boiling,  and  kept  at  that  tempera- 
tare  for  Bome  time,  the  precipitation  of  the  zinc  is  complete  to  the  ex- 
tent that  the  filtrate  is  not  rendei*ed  turbid  by  the  addition  of  snlpliide 
of  iimmoiiinm ;  still,  if  the  liltnite,  mixed  with  milphide  of  ammonium,  be 
alio  wet]  t^j  &t^ud  at  re^it  for  many  bours,  minute  and  almost  unweigha- 
ble  lliikes  of  sulphide  of  ziiio  will  separate  from  the  fluid.  The  precip- 
ilate  of  carbonate  of  zinc,  obtained  in  the  manner  just  described,  may 
be  completely  freed  from  all  admixture  of  alkali  by  washing  with  hot 
wttler*  If  anmioniacal  sidta  be  present,  the  precipitation  is  not  com- 
plete till  every  trace  of  ammonia  is  expelled.  If  the  solution  of  a  zinc 
salt  is  mixed  with  carbonate  of  potajssa  or  soda  in  excess,  the  mix  turn 
evnporat^d  to  dryness,  at  a  gentle  heat,  and  the  residue  treated  with 
fipold  water,  a  ^>erceptible  projwrtion  of  the  zinc  is  obtained  in  aolution 
"^  double  carbonate  of  zinc  and  potassa  or  soda ;  but  if  the  mixture  in 
evuporate<l  to  dryness  at  boiling  heat,  and  the  residue  treated  with  hot 
i*-iiter,  the  whole  of  the  2dnc,  with  the  exception  of  an  extremely  minute 
propoi-tion,  as  we  have  already  had  occasion  to  observe,  is  obtained  as 
carbonate  of  zinc. 

The  dried  basic  carbonate  of  zinc  is  a  fine,  white,  loose  powder ;  ex* 
poaure  to  a  red  heat  coni'erts  it  into  oxide  of  xinc. 

h^  0£iil4f  of  zlne^  produced  from  the  carbonate  by  the  application  of 
a  red  heat,  is  a  white  light  powder,  with  a  sUghtly  yellow  tint.  When 
heated,  it  accpiire^  a  yellow  color,  which  disappears  again  on  cooling* 
Upon  ignition  with  charcoal,  carbonic  oxide  gas  and  zinc  fumes  escape. 
By  igniting  in  a  ra|)id  current  of  hydrogen  gas,  met^illic  zinc  is  produced ; 
whilst  by  igniting  it  in  a  feeble  current  of  by d Imogen  gas,  crystallized  ox- 
ide of  zinc  is  obtidned  (St.  Clair k  Deville).  In  this  case,  too,  a  por- 
tion of  the  ruL^tal  ia  reduced  and  vohitilizeii  Oxide  of  zinc  is  insoluble 
in  water*  Placed  on  moist  turmeric  paper,  it  does  not  change  the  color 
to  brown*  In  acid.-;,  oxide  of  zinc  dissolves  readily  and  without  evolu* 
tion  of  gas.  Ignited  with  chloride  of  ammonium,  fused  chloride  of  zinc 
Is  produced,  which  volatilizes  with  very  great  difficulty,  if  the  air  is  ex- 
clndod ;  but  readily  and  completely  with  free  access  of  air,  and  with 
chloride  of  ammonium  fumes.  3lixed  with  a  sufficiency  of  powdered 
aulphur  and  ignited  in  a  stream  of  hydrogen,  the  corresponding  amount 
of  sulphide  is  obtained  (H.  Rose). 

Zn 32-5.'*        R0-2fi 
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e.  Sidpkuie  a/zinc,  recently  precipitated,  is  a  white,  loose  hydrate  (Zn 
S^  If  O).  The  following  facta  shoidd  hero  be  mentioned  with  regard  to  its 
prRcipitntiom*  fjolorlesa  sulphide  of  ammoriiuni  precipitates  dilute  solu- 
tions of  xinc,  but  oidy  slowly  ;  yellow  sulphide  of  ammonium  does  not  pre- 
ctpttAte  dilute  solutions  of  zinc  (1  :  5000)  at  all.  Chloride  of  ammonium 
fiivore  the  precipitation  considerably.    Free  ammonia  acts  so  as  to  keep  the 
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precipitate  somewhat  longer  in  suspension,  otherwise  it  exerts  no  iiy  nrions 
influence.  If  the  conditions  which  1  shall  lay  down  are  strictly  obserred, 
oxide  of  zinc  may  be  precipitated  by  sulphide  of  ammonium  from  a  solu- 
tion containing  only^y^^^Q^.  Hydrated  sulphide  of  zinc,  on  account 
of  its  slimy  nature,  eaisily  stops  up  the  pores  of  the  filter,  and  cannot 
therefore  be  washed  without  difficiilty  on  a  filter.  The  washing  is  best 
performed  by  using  water  containing  sulphide  of  ammonium,  and  con- 
tinually diminished  quantities  of  chloride  of  ammonium  (at  last  none) 
(see  Expt.  No.  43).  The  hydrate  is  insoluble  in  water,  in  caustic  alkar 
lies,  alkaline  carbonates,  and  the  monosulphides  of  the  alkali  metals.  It 
dissolves  readily  and  completely  in  hydrochloric  and  in  nitric,  but  only 
very  sparingly  in  acetic  acid.  When  dried,  the  precipitated  sulphide  of 
zinc  is  a  white  powder ;  at  100*"  it  loses  half^  and  at  a  red  heat  the  whole 
of  its  water.  During  the  latter  process  some  sulphuretted  hydrogen 
escapes,  and  the  remaining  sulphide  of  zinc  contains  an  admixture  of 
oxide  of  zinc.  By  roasting  in  the  air,  and  intense  ignition  of  the  resi- 
due, small  quantities  of  sulphide  of  zinc  may  be  readily  convei-ted  into 
the  oxide. 

On  igniting  the  dried  sulphide  of  zinc,  mixed  with  powdered  sulphur, 
in  a  stream  of  hydrogen,  the  pure  anhydrous  sulphide  is  obtained.  (H. 
Rose). 

Zn 32-53        67-03 
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2.  Protoxide  of  Makganbbe. 

Manganese  is  weighed  either  as  protosesquioxide,  as  sulphide,  or  as 
PYROPHOSPHATE,  With  the  view  of  converting  it  into  the  first  form,  it  is 
preoipitatiHl  as  protocarbonate,  hydrated  protoxide,  or  binoxide. 
I^^fore  weighing  as  pyrophospliate  it  must  be  precipitated  as  amxonio- 

PUi>SPHATE. 

«.  (  \trbi)mU<»  o/ptotaxUe  of  matiffati^se^  recently  precipitated,  is  white, 
flocculont,  nearly  insoluble  in  pure  water,  but  somewhat  more  soluble  in 
water  impregnatoil  with  carbonic  aciii  Presence  of  carbonate  of  soda  or 
)H)tassa  diH^  not  increase  its  solubility.  Recently  precipitated  carbonate 
of  prvUoxide  of  maugane^  dissolves  pretty  readily  in  solution  of  chloride 
of  ammonium :  it  is  o^-ing  to  this  property  that  a  solution  of  protoxide 
of  nwnganoft50  cannot  U^  oi>mpletely  precipitated  by  carbonate  of  potassa 
or  s\Hia^  in  pn.'^mce  of  chloride  of  ammonium  (or  any  other  ammoniacal 
aalt^,  until  the  latter  is  wmpletely  decomposed.  If  the  precipitate,  while 
still  moist,  is  ex^nvsatxl  to  the  air,  or  washed  with  water  impregnated  with 
air«  eo^^Hvially  if  it  is  in  ivutact  with  c^irbonated  alkali,  it  slowly  assumes 
a  dirty  bn>wuish-whiie  color,  jvsurt  of  it  becoming  converted  into  hydrated 
pr\>ti>ai^s^)uioxide  of  uuuigane$e.  In  washing  the  precipitate,  we  often 
obtain  a  turbid  filtrate.  If  the  latter  be  allowed  to  stand  for  some  time 
in  a  »-ann  place,  the  mai\gane«e  s:(^)V!urates  in  brown  flocks.  If  the  precipi- 
tate is  dried  out  of  contact  with  air,  it  forms  a  delicate  white  powder, 
)H>rasteut  in  the  air  [:!  (Mn  O,  0  tV^+aq.];  but  when  dried  with  free 
avve«s  of  air,  the  ^n^wder  is  of  a  mow  or  less  dirty-white  color.  When 
stioi^ly  heatevl  with  ac\>e«»  of  air,  this  powder  first  turns  black,  and 
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changea  subsequently  to  brown  protosesquioxide  of  manganese.  However, 
tluA  oonvemon  takes  some  time,  and  must  never  be  held  to  be  completed 
until  two  weighingSj  between  which  the  precipitate  h&s  been  ignited 
Mgnin  with  free  access  of  air,  give  perfectly  corresponding  results.  On 
igniting  the  earbonate  of  manganese,  mixed  with  powdered  sulphur,  in  a 
stitmm  of  hydrogen,  sulphide  of  manganese  is  obtained  (H.  Rose). 

b,  Jfydrated  protixtule  of  fnamftiinem^  recently  thrown  down,  forma  a 
wliitc,  ^occulent  precipitate,  insoluble  in  water  and  in  the  alkalies,  but 
Moluble  in  chloritle  of  amnioniuni ;  tliia  precipitate  immediately  absorbs 
oxygen  from  the  air,  and  turns  brown,  owing  to  the  formation  of  hydrated 
|iroti»«««qTii oxide  of  manganese.  On  drying  it  in  the  air,  a  brown  pow- 
d<?T  I  ^l  protoRescpiioxide  of  manganese)  is  obtained,  which,  when 

hcui  n^e  redues,s^  with  free  acceRs  of  air,  is  converted  into  pro- 

U}h  Mianganese,  and  on  igidtion  with  powdei'ed  sulphur,  in  a 

str>'  *■»,  is  converted  into  sulphide. 

c  ProU^ejiq-nioxvh  of  manffanege^  artificially  produced,  is  a  brown  pow- 
der. All  the  oxides  of  manganese  ai*©  finally  converted  into  this  by  igni- 
tion in  the  air.  Each  time  it  is  heated  it  assumes  a  darker  color,  but  its 
,  vrtigjaif  remains  unaltered.     It  is  iD.sc»lubIe  in  water,  and  does  not  alter 

_  "  I  oMors.  Heated  to  redness  with  chloride  of  ammonium  it  is  con- 
vwted  Into  protochloride  of  manganese.  When  heated  with  concentrated 
lijrctrodiloric  add,  it  dissolves  to  chloride  with  evolution  of  chlorine. 

(Mn,  0,4-4  H  Cl=3  3VIn  Cl-f  Cl+4  H  O) 

On  ignition  with  powdered  sulphui*  in  a  stream  of  hydrogen  it  is  con- 
verted into  sulphide  (H.  Rose). 

Moa  , 82^50        72-05 

O, 3200        27*95 
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tL  Sin<txlde  of  manrfane^  is  often  produced  in  analysis  by  exposing  a 

I  fsoncentmted  solution  of  nitrate  of  protoxide  of  man gtmese  to  a  gradually 

[  ineroaaed  temperature.     At  140*^  brown  flakes  wepai-ate,  at  ISo'^  much 

I  Atifio  acid  is  disengaged,  and  the  whole  of  the  manganese  separates  as  an- 

hydjrons  binoxide.     It  is  bro^Tiish  black  and  is  depobited  on  the  sides 

of  the  vessel,  with  metallic  histre.      It  is  insoluble  in  weak  nitric  acid, 

bnt  dissolves  to  a  BUiail   amount  in  hot  and  conceuti-ated  nitric  acid 

(DE^'fLLE).    In  hydrocldoric  acid  it  dissolves  with  evolutioti  of  chlorine, 

in  concentrated  sulphiHic  acid  with  liberation  of  oxygen.    The  binoxide 

is  ajso  often  obt^ned  in  the  bydrated  condition  in  analytical  separations, 

thus  when  we  precipitate  a  solution  of  protoxide  wnth  hypocldorite  of 

f  aoda,  or,  after  addition  of  acetate  of  soda,  with  chlorine  in  the  heat.    The 

bnnmisli'hlack  flocculent  precipitate  thus  obtained  is  apt  to  contain  alkali. 

«.  JSuiphuU  of  nuinganeM^  prepared  in  the  wet  way,  forms  a  lleNli- 

eolored  precipitate.     I  must  make  a  few  remarks  T*^th  reference  to  it^ 

precipitation-*     This  is  effected  but  incompletely  if  we  add  to  a  ])ure 

I  manganese  solution  only  sulphide  of  ammonium,  no  matter  whether  it  be 

Icolorlesa  or  yellow,  while  it  is  perfectly  etrocte^  if  cMoride  of  ammo- 

I  mom  be  used  in  ad^lition.     A  very  large  quantity  even  of  chloride  of 

>  ammonium  does  not  impede  the  precipitation ;  the  presence  of  a  large 
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quantity  of  free  ammonia  somewhat  interferes  with  the  completeness  of 
the  precipitation.  In  all  cases  we  must  allow  to  stand  at  least  24  hoars, 
and  with  very  dilute  solutions  48  hours,  before  filtering.  The  yellow 
sulphide  of  ammonium  is  the  most  appropriate  precipitant.  In  the 
presence  of  chloride  of  ammonium  even  a  large  excess  of  sulphide  of  am- 
monium is  uninjurious.  If  the  precipitation  is  conducted  as  directed, 
the  manganese  can  be  precipitated  from  solutions  which  contain  'only 
^  Q  (^ifl  Q  fl  of  the  protoxide.  If  the  flesh-colored  hydrated  sulphide  remains 
some  time  under  the  fluid  from  which  it  was  precipitated,  it  sometimes 
becomes  converted  into  the  green  anhydrous  sulphide.  This  appearance 
often  occurs  after  a  few  hours  or  days,  sometimes  not  for  weeks.  In 
acids  (hydrochloric,  sulphuric,  acetic,  <bc.)  the  hydrate  dissolves  with 
evolution  of  sulphuretted  hydrogen.  If  the  precipitate,  while  still  moist, 
is  exposed  to  the  air,  or  washed  with  water  impregnated  with  air,  its 
fleshy  tint  clianges  to  brown,  hydrated  protosesquioxide  of  manganese 
being  formed,  together  with  a  small  portion  of  sulphate  of  protoxide 
of  manganese.  Hence  in  washing  the  hydrate  we  always  add  some 
sulphide  of  ammonium  to  the  wash-water,  and  keep  the  filter  as  full  as 
possible  with  the  same.  We  guard  against  the  filtrate  running  through 
turbid,  by  adding  gradually  decreasing  quantities  of  chloride  of  ammo- 
nium to  the  wa^-water  (at  last  none).  (Expt.  No.  44.)  On  igniting 
the  precipitate  mixed  with  sulphur  in  a  stream  of  hydrc^n  the  anhy- 
drous suljihido  remains.  If  we  have  gently  ignited  during  this  process, 
the  product  is  light  green ;  if  we  have  strongly  ignited,  it  is  dark  green 
to  black.  Neither  the  green  nor  the  black  sulphide  attracts  oxygen  or 
wnU»r  quickly  from  the  air  (H.  Kose). 

Mn 27-5  63-23 

S 160  36-78 
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[ /*.  Ammonny-phoitphate  of  manganese  is  at  first  a  white,  semi-gelati- 
nous pnH.npitAti\  which,  on  standing  for  some  time  in  the  cold,  and  more 
s|HHHlily  at  the  In^iling  |H>int,  crystallizes  in  ]^le  rose-colored  pearly  scales. 
It  dissolves  eiusily  in  hydrochloric  or  nitric  acid,  but  is  almc^  absolutely 
insoluble  iu  Innling  water,  ammonia,  and  ammoniacal  salts,  and  may  be 
waiduni  with  facility.      Its  formula  is : 

2  Mu  C\  N  H^  O,  P  O,  2  H  O. 

By  iiiuition  it  is  ivuvertixl  into  p\Tophosphate  of  manganese. 

J/.  /*vA7»'<tV7>^*i,V  of  tiui»t;anfsf  is  a  nearly  white  powder,  not  altered 
by  a  full  n\i  heat  or  by  exjv^sure  to  the  air. 

2MuO 71  50 

l\\ 71  50 
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%^   l^feOTOXIPK  or  NlOKEU 


Nickel  is  precipitat«\l as  uy\>r vtki^ rsv^roxiPK, htdkated  scsgnoxiDB, 
a»xd  as  jiiiruu^F,     1;  is  vfeij:lu\l  iu  the  fv^nu  of  peotoxide. 

»i,   //l^;^^l^^»'  «»'\\\vrt\*r*  i/*  fcj.'iiW  fv>njis  an  ap|ile^gx«en   prveLpitate, 
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IniQst  absolutely  msoluble  in  wat<?r,  but  soluble  in  anmionia  antl  en rbo- 
hie  of  fttnraoiiia.     From  these  solutions  it  is  couij^k'tely  iepreci|iilatod 
ky  potitsart  or  sotll^  added  in  excess ;    ajjplicatiou  of  beat  promotes  the 
cipitation*    It  ia  luialterable  in  the  air;  on  intense  i^ition,  it  passes 
into  pure  anhydrous  protoxide. 

^»  I*roto^(U  of  nkkd  is  a  dirty  grayish-green  |iowder,  insoluble  in 
iiier,  but  i*ettdiJy  aoUihle  in  liydrochloric  acid.  Jt  does  not  affect  vege- 
blc  colors.  It  fiuffen*  no  variation  of  weight  upon  if^ition  with  fi^e 
M3C€ts3  of  air.  It  m  easily  reduced  to  metallic  nickel  by  ignition  in 
liydrogeii  gas. 

Ni 29-5  78*G7 

0 8-0  21-33 
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II t/ri rated  sf^fjuwjp'id^  of  nicJiel^  thrown  down  by  caustic  soda  from 

f^lutinns  of  nickel  which  have  been  mixed  with  solution  of  hypochlo- 

it-e  of  Koda,  is  a  black  precipitate  that  is  mucli  uiore  easily  washed  than 

iif»  hydrated  protoxide.     It  pjmses  into  ]uot oxide  upon  ignition.] 

'/.  JJf/dratHl  Midjdtid^  of  nichel^  prepared   in   the  wet  way,  forms  a 

rolnek  precipitate,  insoluble  in  water.     When  thrown  dow^i  in  the  cold 

it  issouit'what  soluble  iustdphide  of  ammonium  containing  free  ammonia, 

||be  anf>ematant  liquiil  having  a  brown  color.    Tlie  cold  precipitated  ruI- 

bbide  is  liable  to  oxidize  somewhat  on  the  filter  to  sulj^hate  of  nickel. 

When  separated  from  boiling  solutions  by  snljihlde  of  sodium^  as  is 

lirected  g  110,  tliese  inconveniences  are   not  experienced.]     It  is  vmy 

IspiLTingly  soluble  in  eonctmtrated  acetic  acid,  somewhat  more  soluble  in 

liydrochloric  acid.     It  is  more  reaiUly  soluble  still  iu  nitric  acid,  but  its 

Ifcejit  s^jlvent  ia  ni t rob )'dr ochloric  acid.     It  loses  its  wat^r  upon  the  appli- 

ation  of  a  red  heut ;  when  ignited  in  the  air,  it  is  transfoi-nied  into  a 

b:iKic  compound  of  sesqiuoxide  of  nickel  with  sulphuric  acid.     Mixed 

kvith  sulphur  and  igrated  in  a  stream  of  hydrogen,  a  fused  mass  remainSf 

Je-yellow  color  and  metallic  lustre.     Iliis  confiists  of  Nij  S,  but  its 

odition  is  not  pci-fcctly  constant  (H.  Rose). 

4.  Protoxide  of  Cobalt. 
Colmlt  ia  weighed  in  the  pure  metallic  state,  or  as  protoxide  ;  or 

I  SU1.PIIATE     OF    PJCOTOXtDE,   or    aS    NITRITE    OF    COBALT    AXD    POTASSA. 

des  thd  pi'operties  of  these  substances,  we  have  to  stndy  here  also 
bo«e  of  the  hydrated  protoxide,  of  the  inoaATED  sesquioxide,  and 
lof  the  siTLPiriDE. 

a,  Jfydrnte.(l  jtroto^rufe  of  cohalt. — Upon  precipitating  a  solntion  of 
protoxide  of  cobalt  whh  potassa,  a  blue  pn'ci|iitate  (a  basic  salt)  is  formed 
l«t  first,  which,  upon  lioiling  with  pota^sta  in  excess,  excluded  from  con- 
IJUct  of  fib\  fbunges  to  Hght  red  hydrated  protoxide  of  cobalt ;  if,  on  the 
process  is  conducted  with  free  access  of  air,  the  jirecipiiate 
►lored»  part  of  the  hydrated  protoxide  bebig  cl>nver*ted  int^i 
hydrated  BrHnuioxidc.  The  hydrate^  prepared  in  this  way,  retains  a  ti*ace 
of  the  acid,  and,  even  after  tlie  most  thorough  washing  with  ht)t  water, 
alao  a  u»ijint<'  amount  of  the  alkaline  preeiintant  {Expt.  No.  4t)). 

Hydrated  protoxide  of  cobalt  is  insoluble  iji  wiiter,  and  also  in  potns.sa : 
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it  dissolves  in  solutions  of  ammoniacal  salts ;  when  dried  in  the  air  it 
absorbs  oxygen,  and  acquires  a  brownish  color.     (See  6.) 

[b.  Protoxitle  of  cobalt — Hydrated  protoxide  of  cobidt,  when  ignited 
in  the  air  or  in  oxygen,  yields  a  variable  mixture  of  protoxide  and  pro- 
tosesquioxide,  and  cannot  certainly  be  brought  to  a  constant  composi- 
tion. If,  however,  it  be  intensely  ignited,  and  cooled  in  a  stream  of  car- 
bonic acid,  it  leaves  pure  protoxide  of  cobalt  (BusssL,*  GAUHB,f  BubtonJ). 
The  protoxide  has  a  light-brown  color*  is  but  slightly  hygroscopic,  and 
dissolves  in  hydrochloric  acid  without  evolving  chlorine. 


Co 
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[c.  JlydraUd  sesquioxid^  of  cobalt  is  thrown  down  from  solutions  of 
protosalts  of  cobalt  by  a  mixture  of  potassa  and  hypochlorite  of  soda  as 
a  brown-black  precipitate,  which  is  completely  insoluble  in  the  precipi- 
tants  and  in  hot  water,  and  may  be  washed  from  all  but  the  minutest 
traces  of  alkali  with  much  greater  ease  than  the  hydrated  protoxide. 
(See  d.)] 

Co, 88-5  73-44 

O4 .320  26-56 
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d.  MetaUie  cobalt  is  obtained  from  any  and  all  its  oxides,  and  from 
the  nitrate  and  chloride  of  cobalt,  by  ignition  in  a  current  of  hydrogen 
gaa.  It  is  a  gravish-black  magnetic  i)owder,  less  fusible  than  gold.  If 
the  roil  act  ion  h;ts  been  effected  at  an  intense  red  heat,  the  metal  is  un- 
alterable in  the  air  ;  if  at  a  low  heat,  it  oxidizes  or  even  bums.  Metallic 
ot>balt  doos  not  deoomjx^se  water,  either  cold  or  boiling ;  it  dissolves  in 
nitric  and  sulphuric  acids  to  tlie  corresjwnding  salts  of  protoxide. 

[Motallie  ct»balt,  obtained  from  oxides  which  have  been  precipitated 
by  caustic  alkalies,  has  an  alkaline  reaction,  from  the  retention  by  the 
oxides  of  a  tract*  of  alkalL  This  alkali,  which  need  not  exceed  0-2-0-3 
|H*r  ivnt.,  may  Ik*  ivmoved  bv.  rejH\itiHl  washings  of  the  metal  with  hot 
water.  ] 

<•.  Sulphhfr  of  CK^kdt^  pnxlucetl  in  the  wet  way,  forms  a  black  precipi- 
tate, insoluble  in  water,  in  alkalii^is  and  in  alkaline  sulphides.  When 
t>nvipitat<Hl  i\>ld,  and  ex|H^stHl  moist  to  the  air,  it  oxidizes  to  sulphate. 
If  the  pnvipitate  Ih^  digi^stinl  hot,  or  made  with  hot  sulphide  of  sodium, 
HvS  dinvtiHl  §  111,  it  washes  readily  and  without  danger  of  oxidation.] 
Sulphide  of  ixUvalt  is  but  si^iringly  st^luble  [if  precipitateil  hot,  in- 
Si^luble]  in  act^tic  acid  and  in  uilute  mineral  acids,  more  readily  in  con- 
c^Miti-atiHl  minend  acivls,  and  nuvst  n^adily  in  warm  nitro-hydrochlorio 
iu*id.  ( Sulphide  of  ivKilt  may  Iv  cvMiverted  into  sulphate  by  heating 
with  stixnijj  nitric  acid.)  Mixisl  with  ^ulphur  and  ignited  in  a  stream 
of  hydr\\iriMi,  we  obtain  a  pi\Hi\iot  of  unct^rtain  composition,  not  suited 
for  the  determination  of  iwlviU  y\\,  HosK^. 

f   SuJpfnU^  of  />f>»f, sij /.    rr'  i\.\?.V  cr>-*talli2*^  in  combination  with 

•  Jour.  Ohem.  S.h\  r^\  1  -M.  ♦  Fk«.  Zeifesduift,  IV.  5CL 

^  Wix^to  communicatioixi. 
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M  7  aq.,  slowly  in  oblique  rhombic  pmms  of  a  fine  red  color.  Tbe  ciystals 
p     y\,^\.i  fi...  whole  of  the  7  eq,  of  water  at  a  moderate  heat,  and  are  con- 

vi  a  ro8eHX>lored  anhydrous  salt,  which  bears  the  application  of  a 

^  g»'tr  If  n  u  beat  for  a  short  time  without  losing  acid.  It  di^lves  rather 
H  difficnlUy  in  cold,  but  more  readily  in  hot  water.  [By  strong  ignitiou 
P      in  an  attnosphei'e  of  carbonate  of  ammonia  it  may  be  reduced  to  metal> 

iic  c^;iba!t»] 

OoO 37-5  48'39 
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ff*  ^itriif.  of  cobalt  and  pota^fsn^  which  is  easily  produced  by  mix- 
ing a  solution  of  protoxide  of  cobalt  with  nitrite  of  potassa,  and  enough 
mtric  or  acetic  acid  to  liberate  some  nitrous  acid  and  make  the  liquid 
permanently  acid,  foi-ms  a  crystidline  precipitate  of  a  fine  yellow  color» 
which  disaolves  to  a  very  perceptible  amount  iu  pure  water,  and  Btill 
mare  copiously  in  water  containing  chloride  of  fioditim  and  chloride  of 
amintmiixuj.     In  rather  concentrated  solutions  of  salts  of  potassa  (KO, 

SQa^^  K  CI,  — K  O,  N  O^,  —  K  O,  A),  [containing  some  nitrite  of  jm- 
'ICauhk)  ],  it  is  insoluble  even  upon  boiling.*  The  presence  of  a 
IprcqNiirtioa  of  fi*ce  acetic  acitl  exercises  no  solvent  action  under  these 
eirciii3^8tauces.  Tlie  preci{»itate  does  not  dissolve  in  alcohol  of  80  per 
ct^nU  I  but  it  dissolves,  though  not  copiously,  in  boiling  water,  to  a  red 
duid*  Nitrite  of  cobalt  nnd  potassa  is  decomjwsed  with  difficulty  by 
iH>Iutioti  of  potajBsa^  but  readily  by  solntion  of  soda,  or  by  baryta -water ; 
tho  decomposition  is  attended  with  separation  of  brown  hydrated  ses- 
quioxide  of  cobalt  (A.  Stromeyerj),  [The  composition,  di-ied  at  100% 
ifl  somewhat  variable  (Stromeyer,  Eri>mankJ), 

t(XO,  (?) 17-7— 1J>»0 
_                            KO 28  2  —  32-8 
■                           N,... Lr8— 17-8 
■^                           Water  . , 3^2—   5*8]. 
It  ifl  deoompoised  by  ignition,  and  gives  protosesqidoxide  of  cobalt  and 
jKytaflB*.     [In  presence  of  nickel  and  alkaline  earths  the  precipitate  con- 
tuitia  nick  A  (Eudmakn)]. 
§81. 
5.  Protoxide  op  Iron;  and  tJ.  Sesquioxide  of  Iron. 
Iron  is  usually  weighed  in  the  form  of  sesquioxide,  occasionally  as  SUL- 
Mi  ii>E-     ^Ve  have  to  stu dy  also  t he  n  v  d  rate  d  b e s<:i u  io x  i  d  e,  th  e  succi  Kate 
or  Tns  ses4^uioxiDE^  the  acetate  of  the  &es<juioxide,  and  the  foriiiatk 

or   TttC   SRSQU10XID£. 

<f.  Jfydra/M  nesquwxide  of  tron^  recently  prepared,  is  a  reddish-browri 
prTS2tpitatt?,  insoluble  in  water,  in  the  alkalies,  and  inaimnoniacal  ssdts,  but 

K        [*  If  Ibrowii  down  in  absetice  of  free  acid  the  precipitate  has  a  darker  oolor, 
^L^nd  01  aolaUle  to  a  Klig^bt  degree  in  aolution  of  acetate  of  potana.] 
^^^^  AimaL  d.  Chem.  u.  Pharm,,  D6,  218. 
^^^R  Jour.  f.  pifftkt.  Chem. ,  07,  385. 
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readily  soluble  in  acids ;  the  process  of  drying  very  greatly  reduces  the 
bulk  of  this  precipitate.  When  dry,  it  presents  the  appeaiunoe  of  a  brown, 
hard  mass,  with  shining  conchoidal  fracture.  If  the  precipitant  alkali  is 
not  used  in  excess,  the  precipitate  contains  basic  salt ;  on  die  other  hand, 
if  the  alkali  has  been  used  in  excess,  a  portion  of  it  is  invariably  carried 
down,  in  combination  with  the  sesquioxide  of  iron,— on  which  account 
ammonia  alone  can  properly  be  used  in  analysis,  as  a  precipitant  for  salts  of 
sesquioxide  of  iron.  Under  certain  circumstances,  for  instance,  by  pro- 
tracted heating  of  a  solution  of  acetate  of  sesquioxide  of  iron  on  the 
water-bath  (which  turns  the  solution  from  blood-red  to  brick-red,  and 
makes  it  appear  turbid  by  reflected  light),  and  subsequent  addition  of 
some  sulphuric  acid  or  salt  of  an  alkal^  a  reddish-brown  hydrate  is  pro- 
duced, which  is  insoluble  in  cold  acids,  even  though  concentrated,  and  is 
not  attacked  even  by  boiling  nitric  acid  (L.  Pean  de  St.  Gilles*). 

b.  The  hydrated  sesquioxide  of  iron  is,  upon  ignition,  converted  into 
the  anhydrous  sesquioxide.  If  the  hydrated  sequioxide  has  not  been  most 
carefully  and  thoroughly  dried,  the  small  solid  lumps,  though  dry  outside, 
retain  still  a  poi-tion  of  water  confined  within,  the  sudden  conversion  of 
that  water  into  steam,  upon  the  application  of  a  red  heat,  will  cause  par- 
ticles of  the  sesquioxide  to  fly  about,  and  may  thus  lead  to  loss  of  substance. 
Pure  sesquioxide  of  iron,  when  i>laced  upon  moist  reddened  litmus  paper, 
does  not  change  the  color  to  blue.  It  dissolves  slowly  in  dilute,  but  moro 
rapidly  in  concentrated  hydrochloric  acid ;  the  application  of  a  moderate 
degree  of  heat  effects  this  solution  more  readily  than  boiling.  With  a 
mixture  of  8  parts  concentrated  sulphuric  acid  and  3  parts  water,  it 
behaves  in  the  same  manner  as  alumina. 

The  weight  of  the  sesquioxide  does  not  vary  upon  ignition  in  the  air; 
when  ignited  together  with  chloride  of  ammonium,,  sesquichlorido  of  iron 
escapes.  Ignition  with  charcoal,  in  a  closed  vessel,  reduces  it  more  or  less. 
Strongly  ignited  with  sulphur  in  a  stream  of  hydrogen,  it  is  transformed 
into  protosulphide. 

Fe, 56  70-00 

O3    24  30-00 


80  100-00 

c.  Sulphide  of  iron,  produced  in  the  humid  w-ay,  forms  a  black  precipi- 
tate. The  following  facts  are  to  be  noticed  with  regard  to  its  precipita- 
tion.! Sulphide  of  ammonium  used  alone,  whether  colorless  or  yellow, 
precipitates  pure  neutral  solutions  of  protoxide  of  iron,  but  slowly  and 
imperfectly.  Chloride  of  ammonium  acts  very  favorably  ;  a  large  excess 
even  is  not  attended  ^dth  incovenience.  Ammonia  has  no  injurious 
action.  It  is  all  the  same  whether  the  sulphide  of  ammonium  be  colorless 
or  light  yellow.  If  the  directions  given  are  observed,  iron  may  be  precipi- 
tated by  means  of  sulphide  of  ammonium  from  solutions  containing  only 
T80  iooo  ^^  ^^^^  protoxide.  In  such  a  case,  however,  it  is  necessary  to 
allow  to  stand  forty-eight  hours.  Since  the  precipitate  rapidly  oxidizes  in 
contact  with  air,  sulphide  of  ammonium  is  to  be  added  to  the  wash-water, 
and  the  filter  kept  full.  [By  keeping  the  precipitate  with  the  liquid 
near  the  boiling  point  for  a  long  time  (48  houi*s),  adding  sulphide  of 

»  Joum.  f.  prakt.  Chcm.,  66,  137.  f  Ibid.,  83,  268. 
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ammonium  fi-om  lime  to  time,  the  sulphide  of  iron  hecomes  dense,  and 
may  W  washed  with  little  danger  of  oxidation.]  It  is  well  to  mix  a  little 
chloride  of  ammonium  with  the  waah-water,  but  the  quantity  should  he 
cantinaally  reduced,  and  the  last  water  us^d  should  contain  none.  In 
tnineml  acids^  even  when  very  dilute,  the  hydrated  sulphide  dissolves 
readily.  Mixed  with  sulphur,  and  strongly  ignited  in  a  stream  of  hydro- 
g^  anhydrous  protosulphide  remains  (H,  Hose), 


e.. 28 

16 

63*64 
36-36 

44 


IdO'OO 


f/.  When  a  neutiiil  solution  of  a  salt  of  sesquioxide  of  iron  is  mixed 
with  a  neutral  sol ut ion  of  an  alkaline  succinate,  a  cinnamon-colored  pre- 
cipitat^  of  a  brighter  or  darker  tint  is  formed ;  this  is  succinate  of  ses- 
qnioxhh  of  iron  (Fe,  0;„  C\  ll^  0^).  It  results  from  the  nature  of  this 
precipitate,  that  itjs  formation  must  aet  free  an  equivalent  of  acid  (suc- 
cinic acid,  if  the  succinate  of  ammonia  ia  \\&ed  in  excess) ;  e^tf.^  *1  (Fe, 
U«3  S  0,)H-3  (2  NH,  O,  C.  H,  0.)  +  2  H  0  =  2  (Fe,  C\  C/h,  O,)^ 
6  (N  K.  <),  S  0;j)  +  2  H  O,  0,  H^  O^,  Hie  free  succinic  acid  does  not 
ex*  perceptible  solvent  action  nj3ori  the  precipitate  in  a  cold  and 

J^  ;rH  solution,  but  it  redissolves  the  precipitate  a  little  more 

iiy  ill  a  warm  solution.  The  precipitate  must  therefore  bo  filtered 
if  we  want  to  guard  agauist  re-&olution.  Succinate  of  sesquioxide 
of  iron  U  insoluble  in  cold,  and  but  sparingly  soluble  in  hot  water.  It 
lives  readily  in  mineral  acids.  Ammonia  deprives  it  of  the  gi*eater 
ion  of  its  acid,  leaving  compounds  similar  to  the  hydrated  sesquioxide 
ir<?n,  which  contain  from  IvS  to  30  eq.  Fe^  Og  for  1  eq.  C^  II4  0^  (Dop- 
nifCs).  Warm  anmiouia  withdraws  the  acid  more  completely  than  cold 
ammonia. 

Je,  IT  to  a  hot  solution  of  a  salt  of  seiscjuioxide  of  iron  carbonate  of 
%  be  added  till  a  sliglit  jiermanent  precipitate  is  formed,  and  Ihm  be 
reclifiBolred  by  a  few  drops  of  hydrochloric  acid,  then  heated  to  boiling, 
acid  crystals  uf  acetate  of  soda  be  added,  the  whole  of  the  iron  will  be  j)re- 
capitated  an  basic  a^tuU  of  se^tquioocide.  The  success  of  this  of>eration 
depeoids  00  the  ii-on  sohitiou  being  suBiciently  dilute,  the  fiee  acid  suih- 
caenlly  neutmlized,  and  the  acetate  of  soda  in  sufficient  qiumtity.  lu- 
Biead  of  carbonate  and  acetiite  of  soda  the  corresponding  salts  of  ammo- 
may  l>e  used.  The  precipitiite  may  usually  be  tiltered  off  and  washed 
witliout  any  iron  passing  into  the  iiltruto ;  sometimes,  however,  the  re- 
is  the  case.  It  is  best  to  liUer  itrnnediately,  and  to  use  boiling 
water.  Wljen  these  directions  are  followed,  the  precipitate  is  free 
alkali,  but  if  the  pi-ecipitate  is  digested  with  the  liquid,  it  fixes  al- 
kali and  becomes  more  diiiicult  to  work*  (Rek'JIxVHDt)]. 

y.  Instead  of  the  acetate  of  soda  or  ammonia  used  in  e,  the  correspond- 
tng  formlates  may  be  used.  The  basic  foi-mifUe  of  ^estpiioxide  of  iron 
here   obtained    is   more   cosily   wiished    than   the   basic   acetate    (Fik 

S<  HULJEEf). 


_    nta  m 
■   witlio 

1^ 


•  Praa  Zeitachrift,  V.  6a 


f  Chem.  Centialbl.,  1861,  8. 
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BASES  OF  THE  FIITH  OBOUP. 

§82. 
1.  OxiDB  OF  Silver. 
Silver  may  be  weighed  in  the  metallic  state,  as  chloridb,  sulphidb, 

or  CYANIDE. 

a.  Metallic  silver^  obtained  by  the  ignition  of  salts  of  silver  with  or- 
ganic acids,  &c.,  is  a  loose,  light,  white,  glittering  mass  of  metallic  lustre ; 
but,  when  obtsiined  by  reducing  chloride  of  silver,  &c.,  in  the  wet  way, 
by  the  agency  of  zinc,  it  is  a  dull  gray  powder.  It  is  not  fusible  over 
a  Berzelius^  lamp.  Ignition  leaves  its  weight  unaltered.  It  dissolves 
readily  and  completely  in  dilute  nitric  acid. 

6.  Chloride  of  silver^  recently  precipitated,  is  white  and  curdy.  On 
shaking,  the  large  spongy  flocks  combine  with  the  smaller  particles,  so 
that  the  fluid  becomes  perfectly  clear.  This  result  is,  however,  only 
satisfactorily  effected,  when  the  flocks  have  been  produced  in  presence 
of  excess  of  silver  solution,  and  when  they  have  been  recently  precipi- 
tated (compare  G.  J.  Mulder  ♦).  Chloride  of  silver  is  in  a  very  hi^ 
degree  insoluble  in  water  and  in  dilute  nitric  acid ;  strong  nitric  acid, 
on  the  contrary,  does  dissolve  a  trace.  Hydrochloric  acid,  especially  if 
concentrated  and  boiling,  dissolves  it  very  perceptibly.  On  sufficiently 
diluting  such  a  solution  with  cold  water  the  chloride  of  silver  falls  out 
so  completely  that  the  filtrate  is  not  colored  by  sulphuretted  hydrogen. 
Chloride  of  silver  is  insoluble,  or  very  nearly  so,  in  concentrated  sul- 
phuric acid ;  in  the  dilute  acid  it  is  as  insoluble  as  in  water.  In  a  solu- 
tion of  tartaric  acid  chloride  of  silver  dissolves  perceptibly  on  wanning ; 
on  cooling,  however,  the  solution  deposits  the  whole,  or,  at  all  events, 
the  greater  part  of  it.  Aqueous  solutions  of  chlorides  (of  sodium,  po- 
tassium, ammonium,  calcium,  zinc,  <S:c.)  all  dissolve  appreciable  quan^ 
titles  of  chlonde  of  silver,  especially  if  they  are  hot  and  concentrated. 
On  sufficient  dilution  with  cold  water  the  dissolved  portion  separates  so 
completely  that  the  filtrate  is  not  colored  by  sulphuretted  hydrogen. 
The  solutions  of  alkaline  and  alkaline  earthy  nitrates  also  dissolve  a 
little  chloride  of  silver.  The  solubility  in  the  cold  is  trifling ;  in  the  heat, 
on  the  contrary,  it  is  ^•e^y  perceptible.  A  solution  of  nitrate  of  mercury 
dissolves  chloride  of  silver  to  a  tolerable  extent ;  alkaline  acetates  sepa- 
rate it  fi*om  the  solution.  Chloride  of  silver  dissolves  readily  in  aque- 
ous ammonia,  and  also  in  the  solution  of  cyanide  of  potassium  and  that 
of  hyposulphite  of  soda.  Under  the  influence  of  light  the  chloride  of 
silver  soon  changt^s  to  violet,  finally  black,  losing  chloiine,  and  passing 
partly  into  Ag,  CI.  Tlio  change  is  quite  superficial,  but  the  loss  of 
weight  resulting  is  very  appreciable  (Mulder,  op,  cit.  p.  21).  On  long 
contact  (say  for  24  hours)  with  pure  water,  especially  if  hot  of  75°, 
chloride  of  silver,  although  removed  from  the  influence  of  light,  becomes 
gray,  and,  it  appears,  decomposed ;  the  precipitate  is  found  to  contain 
oxide  of  silver,  and  the  water  hydrochloric  acid  (Mulder).  On  diges- 
tion with  excess  of  solution  of  bromide  or  iodide  of  potassium  the  chlo- 
ride of  silver  is  completely  transformed  into  bromide  or  iodide  of  silver, 
as  the  case  may  be  (Field  f ).     On  drying,  chloride  of  silver  becomes 

♦  Die  Silberprobirmethode,  translated  into  German  by  D.  Chr.  Gzimm  nn.  19 
and  311.     Leipzig :  J.  J.  Weber.    IWO.  '  *^*^ 

f  Quart.  Joum.  of  Chem.  Soc.  x.  234 ;  Joum.  f.  piakt.  Chem.  73,  404. 
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p<thN»niIeiit ;  on  heating,  it  acquires  a  yellow  color ;  at  260^  it  fuses  to 
a  timtinMure&t  yellow  fluid,  which  on  cooling  presents  the  appearance  of 
a  ootorteai  and  slightly  yellowish  niass.  At  a  very  strong  heat  it  vola- 
iili2ii!S  unchanged.  It  may  be  readily  I'odnccd  to  metallic  silver,  by  ig- 
iftiiijig  it  in  a  ctirrent  of  hydrogen  gas. 


Ag 107-97 

C?l 35'4(> 


143-43 


75*28 
24-72 

lOO-OO 


c  Sulpfnds  of  ntreTy  prepared  in  the  humid  way,  is  a  black  precipi- 
taiti!,  ioaoluble  in  water,  dilute  acids,  alkalies,  and  alkaline  sulphides. 
This  precipitate  is  unalterable  in  the  air ;  after  being  allowed  to  sub- 
mdtf  it  ht  illtered  and  washed  with  ease,  and  inay  be  dried  at  100'^,  with- 
OQi  Muffering  decomposition.  It  dissolves  in  concentrated  nitric  acid, 
wiili  tteparation  of  sulphur.  Solution  of  cyanide  of  ]Totassium  fails  to 
diaBolv«  sulphide  of  silver,  except  the  cyanide  be  used  greatly  in  excess. 
In  Ibo  latter  case  it  dissolves  to  a  slight  extent,  but  is  generally 
reprcK^pitated  on  addition  of  water  (Beciiasip*),  Ignited  in  a  current 
of  hvclrogen,  it  passes  i*eadily  and  completely  into  the  metallic  state  (H. 


Ag. 


107*97 
16 '00 

123-97 


87*07 
12-93 

100*00 


A  Cjfonuf^  of  #t/ivr,  recently  thrown  down,  forms  a  white  cnrdy  pro- 
dpitate  insoluble  in  water  and  dilute  nitric  acid,  soluble  in  cyanide  of 
poiaflsum  and  also  in  ammonui ;  exposui*e  to  light  fails  to  im|jart  the 
sb^teat  tinge  of  black  to  it ;  it  may  be  dried  at  100°  without  atitfering 
'  deeomposition.  Upon  ignition,  it  is  decomposed  into  cyanogen  gas, 
which  escapes,  and  inetaUic  silver,  which  I'enuiina,  mijced  with  a  little 
|^«f»«*yiLnid€^  of  silver.  By  boiling  with  a  mixture  of  efjual  |*art8  of  sul- 
K  pb  >  and  water,  it  is,  according  to  Glassfohd  and  Napier,  dia- 

■  ta»K  -lphat4*  of  silver,  with  liberation  of  hydrocyanic  acid. 

■  BaddM 

^  OXALATI 
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§83. 
2,  OiiBE  OP  Lead. 


80*60 
19-40 

100*00 


k  weighe*!  an  oxide,   sulphate,  chbomate,   and    sulphide, 
Uieee  compounds,  we  have  also  to  study  the  carbonate  tmd  the 
OXALATI, 

o^  Jfmtirui  ixMTbonaU  of  lead  foiTOS  a  hea\7,  wliite,  pulverulent  preci- 
pitiile.  It  ia  but  very  slightly  soluble  in  perfectly  pure  (boiled)  water 
(ooe   part  requiring   50550  |Mirts,  see    Expt.  47,   «) ;  but  it  dissolves 


'  J<>ani.  f.  prakt.  Chem,  (K),  C4. 
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somewhat  more  readily  in  water  containing  ammonia  and  ammoniacal 
salts  (comp.  Expt.  No.  47,  h  and  c).  It  dissolves  also  somewhat  more 
readily  in  water  impregnated  with  carbonic  acid,  than  in  pore  water.  It 
loses  its  carbonic  acid  when  ignited. 

b.  Oxalate  of  lead  is  a  white  powder,  very  sparingly  soluble  in  water. 
The  presence  of  ammonia  salts  slightly  increases  its  solubility  (Expt. 
No.  48).  When  heated  in  close  vessels,  it  leaves  suboxide  of  lead ;  but 
when  heated,  with  access  of  air,  yellow  oxide  (protoxide). 

c.  Oxide,  or  protoxide  of  lead,  produced  by  igniting  ike  carbonate  or 
oxalate,  is  a  lemon-yellow  powder,  inclining  sometimes  to  a  reddish  yel- 
low, or  to  a  pale  yellow.  When  this  yellow  oxide  of  lead  is  heated,  it 
assumes  a  brownish-red  color,  without  the  slightest  variation  of  weight. 
It  fuses  at  an  intense  red  heat.  Ignition  with  charcoal  reduces  it.  When 
exposed  to  a  white  heat,  it  rises  in  vapor.  Placed  upon  moist  reddened 
litmus  paper,  it  changes  the  color  to  blue.  When  exposed  to  the  air, 
it  slowly  absorbs  carbonic  acid.  Mixed  with  chloride  of  ammonium  and 
ignited,  it  is  converted  into  chloride  of  lead.  Oxide  of  lead  in  a  state 
of  fusion  readily  dissolves  silicic  acid  and  the  earthy  bases  with,  which 
the  latter  may  be  combined. 


Pb 

0 

103-50 

8-00 

92-83 
7-17 

111-50  10000 

d.  Sulphate  of  lead  is  a  heavy  white  powder.  It  dissolves,  at  the 
common  temperature,  in  22800  parts  of  pure  water  (Expt.  No.  49) ;  it  is 
less  soluble  still  in  water  containing  sulphuric  acid  (one  part  requiring 
36500  parts — Expt.  No.  50) ;  it  is  far  moi-e  readily  soluble  in  water  con- 
taining ammoniacal  salts ;  from  this  solution  it  may  be  precipitated  again 
by  adding  sulphuric  acid  in  excess  (Expt.  No.  51).  It  is  almost  entirely 
insoluble  in  alcohol  and  spirit  of  wine.  Of  the  salts  of  ammonia,  tlie 
nitrate,  acetate,  and  tartrate  are  more  especially  suited  to  serve  as  sol- 
vents for  sulphate  of  lead :  the  two  latter  salts  of  ammonia  are  made 
strongly  alkaline  by  addition  of  ammonia,  previous  to  use  (Wackes- 
koder).  Sulphate  of  lead  dissolves  in  concentrated  hydrochloric  acid, 
upon  heating.  In  nitric  acid  it  dissolves  the  more  readily,  the  more 
concentnited  and  hotter  the  acid  ;  water  fails  to  precipitate  it  from  its 
solution  in  nitric  acid ;  but  the  addition  of  a  copious  amount  of  dilute 
sulphuric  acid  causes  its  precipitation  from  this  solution.  The  more  nitric 
acid  the  solution  contains,  the  more  sulphuric  acid  is  required  to  throw 
down  the  sulphate  of  lead.  Sulphate  of  lead  dissolves  sparingly  in  con- 
centrated sulphuric  acid,  and  the  dissolved  portion  precipitates  again  upon 
diluting  the  acid  with  water  (more  completely  upon  addition  of  alcohol). 
A  moderately  concentrated  solution  of  hyposulphite  of  soda  dissolves  the 
sulphate  of  lead  completely  even  if  cold,  more  readily  if  warmed ;  on  boil- 
ing, the  solution  becomes  black  from  separation  of  a  small  quantity  of 
sulphide  of  lead  (J.  Lowe  *).  The  solutions  of  carbonates  and  bicar- 
bonates  of  the  alkalies  convert  sulphate  of  lead,  even  at  the  common 
temperature,  completely  into  carbonate  of  lead.  The  solutions  of  the 
carbonates,  but  not  those  of  the  bicarbonates,  dissolve  some  oxide  of 
lead  in  this  process  (H.  KosE  \),     Sulphate  of  lead  dissolves  readily  in 

•  Journ.  1  prakt.  Chem.  74,  348.  f  PogS-  A"^*^^  95,  436. 
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lioi  Bolutions  of  potaam  or  soda.  It  is  unalterable  in  tho  air,  and  at  a 
gentle  red  heat ;  wlien  exposed  to  a  higher  degree  of  heat,  it  fuses 
witJiout  sulTering  decomposition  (Expt,  No.  52),  provided  always  the 
tion  of  retluciiig  gases  he  conrjdotf^ly  excluded — for,  if  this  is  not  the 
e,  the  weight  i^tU  continual Jy  diminish,  owing  to  the  reduction  of 
O,  S  O,  to  Pb  8  (Erd\lixn  *).  Fusion  with  cyanide  of  potassium 
reduces  the  wholo  of  the  lead  to  the  metallic  state. 


PbO 1U-.50 

SO, 40^00 


151-50 


73-60 

100-00 


«.  SuJfphifh  of  Ica*}^  propai-ed  in  the  wet  way,  is  a  black  precipitate, 
insoluble  in  water,  dilute  acids,  alkalies,  and  alkaline  sulphides.  In  pre- 
cipitating it  from  a  solution  containing  free  hydrochloric  acid,  it  is 
atMM?asary  to  dilute  plentifully,  otherwise  the  precipitation  will  be  incoin- 
plete.  Even  if  a  fluid  only  contain  2*5  per  cent.  H  01,  the  whole  of  the 
lead  will  not  be  precipitated  (M,  Martin  f)*  I^  is  nnaJterable  in  the 
air;  it  cannot  be  dried  at  100°  without  suflering  decomposition.  Ac- 
cording to  K.  B.OSE  it  increases  perceptibly  in  weight  by  oxidation ;  in 
the  case  of  Jong-protracted  drying  even  becoming  a  few  per  cent«. 
heavier*!  I  have  confirmed  his  statement  (sc^e  Expt.  No,  53).  If  sul- 
phate of  h^ai]  mixed  with  sulphur  be  ex[>osed  in  a  current  of  hydrogen 
to  a  good  red  hejit,  jmre  crystalline  Pb  S  remains ;  if  a  less  beat  be 
employed,  the  residue  contains  excess  of  sulphur  (li.  RutiE§).  [Accord- 
to  8oucnAY,[|  sulphide  of  lead  is  obtained  pure  by  ignition  with  excess 

sulphur  in  hydrogen,  if  only  the  lower  one-fourth  of  the  crucible  be 
€»d  to  reflucAs  for  5-10  nunntes.  The  results  were  rather  too  low 
than  too  high.]  It  dissolves  in  concentrated  hot  hydrochloric  acid, 
with  evolution  of  sulphuretted  hydrogen.  In  moderately  strong  nitric 
jMrid,  sidphide  of  lead  disisolves,  upon  the  application  of  heat,  with  sepa* 
ration  of  sulphur; — if  the  acid  is  rather  ooncentrated,  a  small  portion  of 
nalphate  of  leatl  is  ako  formed.  Fuming  nitric  acid  acts  energetically 
u[»on  milphide  of  lead,  and  converts  it  into  sulphate  without  separation 
of  sulphur. 
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f.  For  the  composition  and  projwsiiies  of  dhr&mate  of  Uad,  see  chromic 

§84. 

3.  BtTnoxiDS  OP  IMebcurt;  and  4.  Oxide  op  MERCimY. 

is  weighed  either  in  the  srETALLic  state,  as  subgitlobide,  of 
I  BiTiPHixiE,  or  occaaionally  also  as  oxide, 

MdaUic  fnercurf/f  when  pure,  presents  a  perfectly  bright  snrface. 


McranL  f  ptakt.  Chem.  62,  m\.  f  '^«>nni.  f.  pnikt.  Chem.  67,  374 

)  Pock.  Ajm&L  91,  110  :  and  110.  134.  S^  Popnff.  Annal  IID,  135. 

1  [Fiea.  Zeitiichrift,  IV.  65.] 
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It  IB  unalterable  in  the  air  at  the  common  temperature.  It  botls  at 
360^.  It  evaporates,  but  very  slowly,  at  summer  temperatures.  Upon 
long-continued  boiling  with  water,  a  small  portion  of  mercury  volatilizes, 
and  traces  escape  along  with  the  aqueous  vapor,  whilst  a  very  minute 
pi-oportion  remains  suspended  (not  dissolved)  in  the  water  (comp.  Expt. 
No.  54).  This  suspended  portion  of  mercury  subsides  completely  after 
long  standing.  When  metallic  mercury  is  precipitateil  from  a  fluid,  in 
a  very  minutely  divided  state,  the  small  globules  will  readily  unite  into 
a  large  one  if  the  mercury  be  perfectly  pure ;  but  even  the  slightest  trace 
of  extraneous  matter,  such  as  fat,  <fec.,  adhering  to  the  mercury  will  pre- 
vent the  union  of  the  globules.  Mercury  does  not  dissolve  in  hydro- 
chloric acid,  not  even  in  concentrated ;  it  is  barely  soluble  in  dilute  cold 
sulphuric  acid,  but  dissolves  readily  in  nitric  acid,  and  in  boiling  con- 
centrated sulphuric  acid. 

b,  Suhcfdoride  of  mercury y  prepared  in  the  wet  way,  is  a  heavy  white 
powder.  It  is  almost  absolutely  insoluble  in  cold  water ;  in  boiling  water 
it  is  gradually  decomposed,  the  water  taking  up  chlorine  and  mercury ; 
upon  continued  boiling,  the  residue  acquires  a  gray  color.  Highly  dilute 
hydrochloric  acid  fails  to  dissolve  subdiloride  of  mercury  at  the  common 
tempemture,  but  dissolves  it  slowly  at  a  higher  temperature ;  upon  ebulli- 
tion, with  access  of  air,  the  whole  of  the  subchloride  is  gradually  dissolved 
by  the  dilute  acid:  the  solution  contains  chloride  of  mercury  (Hg,  01+ 
H  CI  4-0=2  Hg  Cl-hH  O).  Subchloride  of  mercury,  when  acted  upon 
by  boiUng  concentrated  hydrochloric  acid,  is  rather  speedily  decomposed 
into  mercury,  which  remains  undissolved,  and  chloride  of  mercury,  which 
dissolves.  Boiling  nitric  acid  dissolves  subchloride  of  mercury,  and  con- 
verts it  into  chloride  and  nitrate  of  mercury.  Chlorine  water  and  nitro- 
hydrochloric  acid  dissolve  it  to  chloride,  even  in  the  cold.  Solutions  of 
alkaline  chlorides  decompose  subchloride  of  mercury  into  metallic  mer- 
cury and  chloride  of  mercury,  which  latter  dissolves ;  at  a  low  tempera- 
ture, this  decomposition  is  confined  to  a  small  portion  of  the  subchloride, 
but  the  application  of  heat  promotes  the  decomposing  action  of  these 
solutions.  Subchloride  of  mercury  does  not  affect  vegetable  colors  ;  it  ia 
unalterable  in  the  air,  and  may  be  dried  at  100°,  without  suffering  any 
diminution  of  weight ;  when  exposed  to  a  higher  degree  of  heat,  though 
still  below  redness,  it  volatilizes  completely,  without  previous  fusion. 
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c.  Sulphide  of  memm/^  pi*epared  in  the  wet  way,  is  a  black  powder, 
insoluble  in  water.  Dilute  hydrochloric  and  dilute  nitric  acid  fail  to 
dissolve  it,  and  it  remains  insoluble  even  in  boiling  hydrochloric  acid ;  it 
is  only  very  slightly  soluble  in  hot  concentrated  nitric  acid,  but  it  dis- 
solves re^idily  in  nitrohydrochloric  acid.  From  a  solution  of  chloride  of 
mercury,  containing  much  free  hydi*ochloric  acid,  the  whole  of  the  metal 
cannot  be  precipitated  by  means  of  sulphuretted  hydrogen,  as  Hg  S, 
until  the  solution  is  ])roperly  diluted.  Should  such  a  solution  be  very 
concentrated,  subchloride  of  meix^uiy  and  sulphur  are  precipitated  (M. 
Martin  ♦).     Solution  of  potassa,  even  boiling,  fails  to  dissolve  it.     It 


*  Journ.  f.  prakt.  Chem.  67,  876. 
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dissolves  in  sulphide  of  potassium,  but  readily  only  in  presence  of 
free  alkali  (Expt.  No,  55).  Sulphide  of  aminonium,  cyamde  of  potas- 
sium, and  sulphite  of  soda  do  not  tUssolve  it.  On  account  of  the  solu- 
bility of  sulphide  of  mercury  in  sulphide  of  potaijaium,  it  Ls  impossible  to 
prpcipit-ate  mercury  by  means  of  sulphide  of  ammonium  completely  from 
solutions  coniaiiiing  hydrate  or  carbonate  of  potassji  or  soda.  In  the  air 
it  is  unalterable,  even  in  the  moist  state,  and  at  100^.  When  exposed 
to  a  higher  tcmpemture,  it  subUmes  completely  and  unaltered. 
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fK  Oxide  of  tnerctirt/^  prepared  in  the  dry  way,  is  a  crystalline  brick* 
colored  powder,  which,  when  exposed  to  the  action  of  heat,  changes  to  the 
color  of  cinnabar,  and  subsequently  to  a  violet-black  tint.  It  bears  a 
tolt^rably  strong  heat  without  suflering  decomposition ;  but,  when  heated 
to  incipient  rednetss,  it  is  decomposed  into  mercury  and  oxygen ;  perfect- 
ly pure  oxide  of  mercurj"  leaves  no  residue  upon  eontiiiuod  exposure  to 
a  r^  heiit.  The  escaping  fumes  also  should  not  redden  litmus  paper. 
Water  takes  up  a  trace  of  oxide  of  mercury,  ac<]uiring  thereby  a  very 
weftk  alkaline  reaction.    Hydrochloric  or  nitric  acid  dissolves  it  readily, 
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5.  Oxide  op  Copper. 

is  usually  weighed  in  the  METAUJt^  state,  or  in  the  form  of 
OXfPS,  or  of  siTBSULFniDE.  Besides  these  forms,  we  have  to  exauiine  the 
sTLTHtDt;,  the  suDOJCtDE,  and  the  srusULPiioi  yanide. 

IS.  Voppftr  fuses  only  at  a  white  heat.  Exposure  to  dry  air,  or  to 
moist  air^  free  from  carbonic  acid, leaves  th*^  fused  metal  unaltered;  Vjut 
upon  ex[»osnre  to  moist  air  impregnat-ed  with  carbonic  acid,  it  becomes. 
I^nidually  tarnished  and  coated  with  a  film,  tirst  of  a  b hick ish -gray,  finally 
of  a  bluish'green  color.  Precipitated  finely  divided  eopj>er,  in  contact 
with  water  aud  air,  oxidizes  far  more  quickly,  especially  at  an  elevat+;cl 
tempifruture.  On  igniting  copper  in  the  air,  a  layer  of  black  oxide  fonns  on 
ita  surface.  lIydn>ehioric  acid  fails  to  diR«olve  it,  even  upon  boiling,  if  the 
air  ia  excludiHl ;  but  with  fre^  access  of  air  it  disjjolves  it  slowly.  Copper 
disKilvR3  rt^adily  in  niti-ic  acid.  In  ammonia  it  dissolves  slowly  if  fiee 
aowm  is  given  to  the  air  ;  hut  it  remnins  insoluble  in  that  menstruum  if 
tiMt  air  is  excluded.  Metalhc  copper  brought  into  contact  in  a  closed  vessel 
vith  aolution  of  chloride  of  copper  in  hydrochlonc  acid,  or  with  an  ammo* 
luaail  nolution  of  oxide  of  copiXT,  reduces  the  cldoiide  to  subchloride,  or 
th*  '  suboxide,  an  ecjuivalent  of  metal  being  dissolved  for  every 

eqii  f  chloride  or  oxide. 

h^    OjcIU  of  copper, — If  a  dilute,  cold^  aqueous  solution  of  a  salt  of 
axide  of  copper  is  mixed  with  solution  of  potassa  or  soda  in  excess,  a 
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light  blue  precipitate  of  hydrated  oxide  of  copper  (Ou  O,  H  O)  is 
formed,  which  is  difficult  to  wash.  If  the  precipitate  be  left  in  the  fluid 
from  which  it  has  been  precipitated,  it  will  gradually  become  brownish 
black,  and  pass  into  3  Cu  O,  H  O  (Harms  *). 

This  transformation  is  inmiediate  upon  heating  the  fluid  nearly  to 
boiling.  The  fluid  filtered  off  from  the  black  precipitate  is  free  from 
copper.  If  the  solutions  in  question  are  mixed  in  a  concentrated  state, 
in  addition  to  the  formation  of  the  blue  precipitate,  the  fluid  itself  ac- 
quires a  blue  color,  owing  to  a  portion  of  very  minutely  divided  hy- 
drated oxide  remaining  suspended  in  it.  From  a  fluid  of  this  descrip- 
tion protracted  boiling  will  fail  to  pre(?ipitate  all  the  copper ;  after  dilu- 
tion with  water,  the  object  is  readily  attained.  If  a  solution  of  a  salt 
of  copper  contains  non-volatile  organic  substances,  the  addition  of  al- 
kali in  excess  will,  even  upon  boiling,  fail  to  precipitate  the  whole  of  the 
copper  as  oxide.  The  hydrate  (3  Cu  O,  H  O)  precipitated  with  potassa  or 
boda  from  hot  dilute  solutions  may  be  completely  freed  from  the  preci- 
pitant by  washing  with  boiling  water.  Oxide  of  copper,  prepared  by 
igniting  the  hydrate  or  carbonate  or  nitrate  of  copper,  is  a  brownish- 
black,  or  black  powder,  which  remains  unaltered  upon  strong  ignition 
over  the  gas-  or  spirit-lamp,  provided  all  reducing  gases  be  excluded 
(Expt.  No.  59).  It  is  very  readily  reduced  by  ignition  with  charcoal, 
or  reducing  gases ;  heated  in  the  air,  the  reduced  copper  re-oxidizes. 
Mixed  with  sulphur  and  ignited  in  a  current  of  hydrogen,  towards  the  end 
Rtron^^ly,  the  oxide  of  copper  passes  into  subsulphide  (Cu,  S  ;  H.  Hose). 
Oxide  of  copper,  in  contact  with  the  atmosphere,  absorbs  water ;  oxide 
that  has  boon  but  slightly  ignited  absorbs  the  water  more  rapidly  than  such 
as  has  been  strongly  ignited  (Expt.  No.  57).  Oxide  of  copper  is  nearly 
insoluble  in  water  ;  but  it  dissolves  readily  in  hydi-ochloric  acid,  nitric 
acid,  <fec. ;  less  readily  in  ammonia.     It  does  not  affect  vegetable  colors. 
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r.  Sulphide  of  copper^  prepared  in  the  wet  way,  is  a  brownish-black, 
or  black  precipitate,  almost  absolutely  insoluble  in  water ;  f  when  the 
recently  prepared  precipitate,  in  a  moist  state,  is  exposed  to  the  air,  it 
acquires  a  greenish  tint  and  the  property  of  reddening  litmus  paper, 
sulphate  of  copper  being  formed.  Hence  it  must  be  washed  with  water 
containing  sulphuretted  hydrogen.  [When  digested  near  the  boiling 
point  for  many  hours,  with  addition  of  sulphurcjtted  hydrogen  if  needful, 
it  is  permanent  in  air,  and  may  be  washed  with  hot  water  without  dan- 
ger of  oxidation.]  Sulpliide  of  copper  dissolves  readily  in  boiling  nitric 
acid,  with  sopa ration  of  sulphur.  Hydrochloric  acid  dissolves  it  with 
difficulty.  This  is  the  reason  why  sulphuretted  hydrogen  ])recipitates  cop- 
per entirt^ly  from  solutions  which  contain  even  a  very  large  amount  of  free 
hydrochloric  acid  (Grundmanx  J).     Only  when  we  dissolve  a  copper  salt 


*  Arch,  (ler  Pharm.  139,  35. 

f  In  some  experiments  that  I  made  when  examining  the  Weilbaoh  water 
I  found  that  about  950000  parts  of  water  are  required  to  dissolve  1  part  of 
CuS. 

X  Joum.  f.  prakt  Chem  73,  241. 
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resid 


■Inlglii  in  jmre  hyfJrochloric  acid  of  1*1  sp*  gr.  does  any  copper  remain 
unpirectpttated  (M.  Martin  *).  It  does  not  dissolve  in  solutiona  of  po- 
tana  and  of  sulphide  of  pota^sslum,  particolarlj  if  these  solytions  be 
boHing ;  but  it  diBSolves  perceptibly  in  sulphide  of  ammouiura,  and 
resdiljf  in  cyanido  of  potassiura.  Upon  int^inse  ignition  in  a  current 
^  hydrogen  gaa  it  is  converted  into  pure  C1I3  8, 

^iHi;tuiA  of  copper, — If  the  blue  solution  which  is  obtained  upon  add- 
ing to  solution  of  oxide  of  cop|>er  tartaric  acid  and  then  solution  of  «oda  in 
excess,  is  mixed  with  sohition  of  grapo  sugar  or  sugar  of  milk,  and  heat 
applied,  an  orange-yellow  precipitale  of  liyd rated  suboxide  of  copper  is 
formed,  which  contains  the  whole  of  the  copper  originally  present  in  the 
solution,  and  after  a  short  time,  more  particularly  upon  the  application 
of  a  somewhat  strong  heat,  turns  red,  owing  to  the  conversion  of  the 
Lrdrat*?  into  anhydrous  suboxide  (Cu^  O). .  The  precipitate,  which  is 
Uisoluble  in  water,  retains  a  portion  of  alkali  with  considerable  tena- 
city. When  acted  upon  with  dilute  sulphuric  acid,  it  gives  sulphate 
of  copper,  which  dissolves,  and  metallic  copper,  which  separates. 

e.  iStit^^dphocyanide  of  copper  (Cu^,  Cy  S^),  formed  when  sulpho- 
cyanide  of  f»otassium  is  added  to  a  solution  of  oxide  of  copper,  mixed 
with  sulphurous  or  hj'pophosphorous  acid,  is  a  whit«  precipitate  insolu- 
ble in  water,  and  in  dilute  hydrochloric  or  Buljihnric  acid.  On  drying 
the  salt  retains  water,  and  is,  therefore,  not  adapted  for  direct  weighing. 
When  mixed  with  sulphur  and  ignited  in  hydrogen,  it  yields  Cu^  8. 

iSuhitulphid^  of  copper  separates  from  hot  dilute  acid  solutions  on 
tion  of  hyposulphite  of  soda,  as  a  black  precipitate  that  may  be 
iKed  without  risk  of  oxidation.  When  produced  by  heating  Cu  S  in 
m  current  of  hydrogen  gas,  or  Cu^,  Cy  Sj,  with  sulphur,  it  is  a  grayish- 
black  tna&s,  whidi  may  be  ignited  and  fused,  without  ButTering  decompo- 
siiotiy  if  the  air  is  excluded. 
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C.   TeROXIDE  of  BlSMCTH. 

Biamutii  ia  weighed  in  the  fonn  of  teroxide  or  as  chromate  (Bi  0,, 
2  Cr  O,)*     Besidea  these  compounds,  we  have  to  study  here  the  basic 

CAlBaVATE,  the  BASIC  NITRATE,  and  the  TEKSULPHIDE. 

«L  Teroxide  of  humtJitJiy  pi"epared  by  igniting  the  carbonate  or  nitrate, 
tt  m  palo  lemon-yellow  powder  which,  under  the  influence  of  heat,  as* 
I  iraDsiently  a  dark  yellow  or  reddish-brown  color.  When  heated 
to  intcDse  redness,  it  fuses,  M'ithout  alteration  of  weight.  Ignition 
with  charcoal^  or  in  a  current  of  carbonic  oxide  gas,  reduces  it  to  the 
metallic  state.  Fusion  with  cyanide  of  potasbiura  also  effects  its  corn- 
reduction  to  the  metallic  stat«  (H.  BosE  f)-  It  is  insohiblo  in 
r,  and  does  not  aifect  vegetable  colors.      It   dissolves  readily  in 


•  Jotim  t  prakt  Chem.  67,  375, 
t  Ibid- 61,  188 
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those  acids  which  form    saliible  salts  with  it.      When  ignited   witli 
chloride  of  ammonium  it  gives  metallic  biiimuth,  the  reductiozi  bei 
attended  with  defbigration. 
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^,  Carbonate  of  bi»7nuili, — Upon  adding  carbonate  of  ammonia  in 
excess  to  a  solution  of  bismuth,  free  from  hydrochloric  acid,  a  white 
precipitate  of  carbonate  of  bismuth  {Bi  0-„  C  Oj)  is  immediately  formed ; 
part  of  tids  precipitate,  however,  redissolvea  in  the  excess  of  the  pre- 
cipitant. But  if  the  riuid  with  the  precipitate  be  heated  before  filtra- 
tion, the  filtrate  will  be  free  from  bismuth.  (Carbonate  of  potassa  Uke- 
wiiie  precipitates  aolutions  of  bisinuth  completely ;  but  the  precipitate 
in  thii  case  invariably  contains  traces  of  potaasa,  which  it  is  very  diffi- 
cult to  remove  by  w  aahing.  Carbonate  of  soda  precipitates  solutions  of 
bismuth  less  completely  than  the  carbonates  of  ammonia  and  potaasa,) 
The  precipitate  obtiiined  by  means  of  carbonate  of  ammonia,  is  easUy 
washed ;  it  is  very  nearly  iiisolnble  in  water,  but  dissolves  reailily,  with 
effervescence,  in  hydrochloric  acid  and  nitric  acid*  Upon  ignition  it 
loses  its  carbonic  acid,  lea%'ing  teroxide  of  bismuth. 

c.  The  6a*tc  niircUe  of  bigmulh,  which  is  obtained  by  mixing  with 
water  a  solution  of  the  nitrate  containing  little  or  no  free  acid,  presents 
the  appearance  of  a  white,  crystalline  powder.  It  cannot  be  washed 
with  pure  cold  water,  without  sufit'ring  a  decided  alteration.  It  beoomes 
more  bailie,  while  the  washings  show  an  acid  reaction,  and  contiun  bis- 
muth. If  the  basic  salt,  however,  be  washt^d  with  cold  water  contain- 
ing j^^  of  nitrate  of  ammonia,  no  bismuth  passes  through  the  filter. 
The  solution  of  nitrate  of  ammonia  must  not  be  warm.  These  remarks 
only  apply  in  the  absence  of  free  nitric  acid  (J.  LoWE*).  On  ignition 
the  basic  nitrate  passes  into  the  pure  teroxide. 

d.  Chronmte  of  bi^8muih  (Bi  i%^  2  Cr  Oj),  which  is  produced  by  add- 
ing bichromate  of  potassa,  slightly  in  excess,  to  a  neutral  solution  of 
niti'ate  of  bismuth,  is  an  orange-yellow,  dense,  readily-subsiding  precipi- 
tate, insoluble  in  water,  even  in  presence  of  some  free  chromic  acid,  but 
soluble  in  hydrochloric  acid  and  nitric  acid.  It  may  be  dried  at  from 
100^  to  11 2"^,  without  auifering  decomposition  (Lowe  f). 
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e»  Tersulphide  of  bUmiith,  jireparod  in  the  w^et  way,  is  a  brownish 
black,  or  black  precipitate,  insoluble  in  water,  dilute  acids,  alkalies,  al- 
kaline suli>hide^,  sulphite  of  sotla,  and  cyanide  of  potassitiiu.  In  mod- 
erately concentrated  nitric  aciil  it  di.sgnlves,  especially  on  wai*ming,  to 
nitrate,  with  separation  of  snlphiir.  Hence  in  precipitating  bismuth 
from  a  nitric  acid  solution,  caits  should  be  taken  to  dilute  sufficiently. 
Hydrochloric  acid  impedes  the  procii)itation  of  bLsmuth  by  sulphuretted 
hydrogen  only  when  a  very  large  excess  is  pi-esent,  and  the  fluid  is  quite 


I 


•  Jonna.  f.  prakt  Chwn.  74,  341. 


t  Ibid.  67,  291. 
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ooneentnited.  The  sulphide  does  not  change  in  the  nii\  Dried  at  100**, 
it  continually  takes  up  oxygen  and  increases  slightly  in  weight ;  if  the 
drjring  is  protract-ed  this  increase  mBy  be  considerablG  (Expt.  No.  58), 
Fused  with  cyanide  of  potassium,  it  is  completely  reduced  (H.  Rose), 
Beduction  takes  place  more  slowly  by  ignition  in  a  cun^ent  of  hydrogen. 
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7,  OxmE  OP  CADmuM. 

Itoimn  is  weighed  either  as  oxide  or  as  sulphide.  Besides  these 
^  we  have  to  examine  carbonate  of  cadmium; 
O*  Oxide  of  cadmium^  produced  by  igniting  the  carbonate  or  nitrate 
Off  cadmium,  i*  a  powder,  die  color  of  which  varies  from  yellowish  brown 
to  rdddiflh  brown.  The  application  of  a  white  heat  fails  to  fuse,  volati- 
lizie,  or  decompose  it;  it  is  iusoliible  in  water,  but  dissolves  readily  in 
acids  I  it  does  not  alter  vegetable  colors.  Ignition  with  chai^coal,  or  in 
a  current  of  hydrogen,  carbonic  oxide,  or  carburetted  hydrogen,  reduces 
it  rauiily,  the  metallic  cadmium  escaping  in  tlie  form  of  vapor. 
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i.  Carhonale  of  cadmium  is  a  white  precipitate,  insoluble  in  water 
in  the  fixed  alkaline  carbonates,  and  extrc^mely  spaiingly  soluble  in 
nate  of  ammonia.  It  loses  its  water  complet^?ly  upon  desiccation, 
ition  converts  it  into  oxide. 
c  Sxdphuh  of  cttdmium^  produced  in  the  wet  way,  is  a  lemon-yellow 
to  orange-yellow  precipitate,  insoluble  in  water,  dilute  acid?*,  alkalies, 
alkaline  sulphides,  siilpbite  of  soda,  and  cyanide  of  potassium  (Expt. 
No.  59).  It  dissolves  remlily  in  concentrated  liydrochlonc  acid,  with 
evolution  of  sulphuretted  hydrogen.  In  precipitating,  therefore,  mth 
hurett^d  hydrogen,  a  cadmium  Rohition  sboiild  not  contain  too 
b  hydrochloric  acid,  and  should  be  sufficiently  dilutetl.  The  sulphide 
dinolvt^s  in  moderately  concentrated  nitric  acid,  with  separatiun  of  sul- 
plittr.  It  may  be  wtished,  and  dried  at  100*^  or  10^^*^,  without  under- 
lining decomposition.  Even  on  gently  igniting  tbo  sulphide  of  cadmium 
in  a  current  of  hydrogen,  it  volatilises  in  api»reciable  amount  (H*  ItosE*), 
partially  unchanged,  paii^^ially  as  metalHc  vapon 
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METALLIC   OXIDES   OF  THE   SIXTH   GBOUP. 

§B8. 
L  Teroxide  of  Gold. 

Gold  13  always  weighed  in  the  metallic  state.  Besides  ]cetallio  gold, 
we  have  to  consider  the  tersuiphide. 

a.  MeiaUic  (fold^  obtained  by  precipitation,  presents  the  appearance  of 
a  blackiBh-brown  powder,  destitute  of  metalUo  lustre,  which  it  assumes, 
however,  upon  pressure  or  friction  ;  when  coherent  in  a  compact  mass, 
it  exhibits  the  well-known  bright  yellow  color  peculiar  to  it.  It  fiises 
only  at  a  whito  heat,  and  resists,  accordingly,  all  attempts  at  fusion  over 
a  spirit-lamp.  It  remains  wholly  unaltered  in  the  air  and  at  a  red  heat, 
and  is  not  in  the  slightest  degree  affected  by  water,  nor  by  any  simple 
acid.     Nitrohydrochlonc  acid  dissolves  it  to  terchloride. 

h.  Tersuiphide  of  gold, — When  sulphuretted  hydrogen  is  transmitted 
through  a  cold  diluto  solution  of  terchloride  of  gold,  the  whole  of  the 
gold  separat^^s  as  tersuiphide  (Au  Sj),  in  form  of  a  hrowmsh-black  pre- 
cipitate. If  this  precipitate  is  left  in  the  flwid,  it  is  gradually  transformed 
into  metalhe  gold  and  free  sulphuric  acid.  Upon  transmitting  sulphuret- 
ted hydrogen  through  a  warm  solution  of  terchlonde  of  gold,  a  protosul- 
phitle  (Au  S)  precipitates,  with  simultaneous  formation  of  sulphuric  and 
hydrochloric  acids. 

(2  Au  CI3+3  H  S-h3  H  0^2  An  S+G  H  Cl+S  O,.) 

The  tersuiphide  is  insoluble  in  water,  hydrochloric  acid,  and  nitric 
aeid,  hut  dissolves  in  mtrohydrochloric  acid.  The  colorless  sulphide  of 
ammonium  fulls  to  dissolve  it ;  but  it  dissolves  almost  entirely  in  the 
yellow  sulphide  of  ammonium,  and  completely  upon  adiiition  of  potassa. 
It  dhisolves  in  potafisa,  with  separation  of  gf>ld.  Yellow  sulphide  of 
potassium  dissolves  it  completely.  Exposure  to  a  moderate  heat  reduoaa 
it  to  the  metallic  state. 


§80. 
2.  BiNOxiDE  OF  Platinum. 


Platinum  is  invariably  weighed  in  tlie  metallic  state  ;  it  is  generally 
precipitated  as  bichloride  of  platinum  and  ciTLonrDE  or  ahmonium, 
or  as  bichloride  of  pultinum  and  chloride  of  potassium,  raxely  aa 

BISCTLPHriiE   of    PLATINUM. 

a.  Metallic  platinum^  pi-oduced  by  igniting  the  bichloride  of  platinum 
and  chloride  of  ammonium,  or  the  bichloride  of  platinuna  and  chloride 
of  potassium,  presents  the  appearance  of  a  giay,  liisti*eless,  porous  mass 
(spongy  platiJium).  The  fusion  of  platinum  can  be  effected  only  at  the 
vojy  liighest  degix-es  of  heat.  It  remains  wholly  unaltered  in  the  air, 
and  even  the  most  intense  heat  of  our  furnaces  fails  to  affect  it.  It  ii* 
not  attticked  by  water,  or  Bimple  acidH,  and  scarcely  by  acpieous  solutions 
of  the  alkalies.     Nitrohydrochloric  acid  dissolves  it  to  bichloride. 

6.  The  properties  of  hleMorids  of}>iatinum  and  chloride  of  potassium, 
and  those  of  hicMoride  of  platinum  and  chloride  of  ammoniuvi^  have  been 
given  already  in  §§  G8  and  70  respectively, 

c.  Bisulphide  of  platinum, — When  a  concentrated  solution  of  bichlo- 
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ride  of  platinum  is  mixed  with  sulphuretted  hytlrogen  wiiter,  or  wheii 
«ttlpUtrretted  hydroefen  gas  is  traiisrnittetl  tliroiigh  a  nither  dilute  solu- 
tion of  tht5  bichloride,  no  precipitate  forma  at  first;  ufter  standing  some 
lime,  Lowever,  the  solution  turns  brown,  and  finidly  a  precijjitate  suh- 
stdtnt.  But  if  the  mixture  of  solution  of  biehlonde  of  platinum  with 
Milphurt5tted  hydrogen  in  excess,  is  gi-aduidly  lie  a  ted  (finally  to  ebulli- 
tion)^ the  whole  of  the  platinum  separates  as  Ijisidphide  (free  from  any 
aduuxture  of  bichloride^  The  bisulphide  of  platiniun  is  insoluble  in 
wal*>r  and  in  simple  acids ;  but  it  dissolves  in  nitiohydrochlonc  acid. 
It  dis8'>lve-s  partly  in  caustic  alkalies,  with  sepa^tion  of  platinutn,  and 
compic^toly  in  alkaline  sul|dudes.  When  sulphuretted  hydrogen  is  trans- 
mitted through  water  holding  minutely  divided  bisulpliiiie  of  plutiuurn 
ill  i-m,  the  Viisulphide,  ahsorbiug  su1|>]hi retted  hydrogen,  acqidres 

a  '■  \  ish -brown  color  ;  the  sulphuretted  hydrogen  thus  abMorl>ed, 

»cj>kri4£*  b  iigain  upon  exposure  to  the  air.  When  moist  bisulj>hide  of 
pUtinum  is  exjiosed  to  the  aii*,  it  is  gi-adiially  decomposed,  being  con- 
Vfrtc^  into  metallic  platmum  and  sulphuric  acid.  Ignition  in  the  air 
reduces  bisulphide  of  platinum  to  the  metallic  state, 

§90. 

3,  Teroxide  of  Antimony^ 

[J  IS  weighed  a^  tersulphipe,  as  aktimonioub  acid,  or  more 
in  the  hetallic  state. 

fl,  U|x»n  transmitting  suljihuretted  hydrogen  through  a  solution  of 
terchlorido  of  antimony  mixed  with  tartaiic  acid,  an  oningc-red  pre- 
Ctpiiato  of  a morj}hrins  ietftidphide  is  obtained,  mixed  at  first  with  a  small 

irtion  of  basic  terchloride  of  antimony.     However,  if  the  fiuid  is  thor- 
\\\y  ^rttnrated  "with  sulphuretted  hydrogen,  and  a  gentle  heat  applied, 
tb  ride  mixed  with  the  precipitate  is  decomposed,  and  the  ptire 

t*  I   of  antimony  obtained.     TerHulphideof  antimony  is  hisoluble 

in  WHter  and  dilute  acids  ;  it  dissolves  in  con  cent  nit  ed  hydrochlone  acid, 
with  evolution  of  suljdiuretted  hydrogen.  In  prtrcipitatiMg  with  sul- 
phuretted hydrogen,  therefore,  antimony  sokitions  shoutd  not  eonlaiii 
too  much  free  hydrochloric  acid,  and  should  be  sufficiently  diluted.  The 
aunorphous  tersul|ihide  dissolves  r€*adily  in  potassa,  sulphide  of  ammo- 
mom,  and  stdphide  of  potassium,  sparingly  in  ammonia,  very  slightly  in 
^irbomite  of  ammonia,  and  not  at  all  in  bisulphite  of  potassa.  The  amor- 
Tihontt  sulphide,  dried  in  t!ie  desiccator  at  the  ordinary  temperature, 
liMtB  \t!ry  little  weiglit  at  100'^ ;  if  kept  longer  at  this  latter  tern [lerature, 
its  weight  remains  constant.  But  it  still  retains  a  little  water,  which 
doea  not  ^jerfectly  escape  even  at  190^^,  but  at  200^  the  sulphide  becomca 
ai  :  '  ,  turning  black  and  crystidlinc  (H*  Hose*  and  Expt.  No.  00). 
I-  itly  in  a  stream  of  carbonic  acid,  the  weight  of  this  anhydrous 

iiulplade  txmains  constant ;  in  a  very  intense  heat,  a  small  amount  vola- 
tiliii«.  The  amorphous  f^ulplude,  if  long  exposed  to  the  action  of  air, 
is  ■  of  water,  sloi^  ly  tj^kes  up  oxygen*  so  that  on  ti*e.atmeut  with 

til  d  it  yields  a  filtrate  containing  teroxide. 

I        :  i  J  ►hides  corresponding  to  the  antimonious  and  antinionic  acids 
)|i rally  insoluble  in  water,  also  in  water  containing  sulphtiretted 
hydrogfOi     The  pure  pentasulphide  dissolves  completely  in  ammonia, 

•  Joum.  t  prakt  Chem.  50,  331. 
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especiallj  on  warmiug ;  traces  only  dissolve  in  carbonate  of  ammonia. 
On  heating  the  dried  pentasulphide  in  a  current  of  carbonic  acid  2  eq. 
of  sulphur  escape,  black  crystalline  tersulphide  remaining. 

On  treating  the  ter-  or  penta-sulphide  with  fuming  nitric  acid  violent 
oxidation  sets  in.  We  obtain  first  antimonic  acid  and  pulverulent  sepa- 
rated sulphur ;  on  evaporating  to  dryness,  antimonic  acid  and  sulphuric 
acid ;  and  lastly,  on  igniting,  antimonious  acid.  The  same  (antimonious 
add)  is  obtained  by  igniting  the  sulphide  with  30  to  50  times  its 
amount  of  oxide  of  mercury  (Bunsen  *).  Ignition  in  a  current  of  hy- 
drogen converts  the  sulphides  of  antimony  into  the  metallic  state. 

Sb 122-00  71-77 
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b.  ArUimonioua  acid  is  a  white  powder,  which,  when  heated,  acquires 
transiently  a  yellow  tint ;  it  is  infusible ;  it  is  fixed,  provided  reducing 
gases  be  excluded.  It  is  almost  insoluble  in  water,  and  dissolves  in 
hydrochloric  acid  with  very  great  difficulty.  It  undergoes  no  alteration 
on  treatment  with  sulphide  of  ammonium.  It  manifests  an  acid  reac- 
tion when  placed  upon  moist  litmus  paper. 

Sb. 

154-0  100-00 

c.  Metallic  antimony^  produced  in  the  wet  way,  by  precipitation,  pre- 
sents the  appearance  of  a  lustreless  black  powder.  It  may  be  dried  at 
100°  without  suffering  any  alteration.  It  fuses  at  a  moderate  red  heat. 
Upon  iguition  in  a  ciuTent  of  gas,  e,g,  hydrogen,  it  volatilize^s,  without 
formation  of  antimonetted  hydrogen.  Hydrochloric  acid  has  very  little 
action  on  it,  oven  when  concentrated  and  upon  ebullition.  Nitric  acid 
converts  it  into  teroxide  of  antimony,  mixed  with  more  or  less  antimo- 
nious acid,  according  to  the  concentration  of  the  nitric  acid. 

§91. 
4.  Protoxide  of  Tin;   and  5.  Binoxide  of  Tin. 

Tin  is  generally  weighed  in  the  form  of  binoxide  ;  besides  the  binox- 
ide,  we  have  to  examine  rROTOSi'LPHiDE  and  bisulphide  of  tin. 

a.  Jllnoxhle  of  tin. — Tlie  hydrnte  of  the  binoxide  h  {hydrated  metor 
st/innic  acid)  is  obtained  in  the  form  of  a  white  precipitate,  by  the  action 
of  nitric  acid  uj)ou  metallic  tin,  or  by  evaporating  a  solution  of  tin  with 
nitric  acid  in  excess.  This  precipitate  is  insoluble  in  water,  nitric  acid, 
and  sulphuric  acid,  and  dissolves  but  sparingly  in  hydrochloric  acid.  It 
reddens  litnnis,  even  when  thoroughly  washed.  But  if  we  precipitate 
solution  of  bichloride  of  tin  ^\'ith  an  alkali,  or  with  sulphate  of  soda,  or 
nitmto  of  ammonia,  we  obtain  the  hydrate  of  the  binoxide  a,  which  dis- 
solves readily  in  hydix)chloric  acid.  Upon  intense  ignition,  both  hy- 
drates are  converted  into  the  anhydrous  binoxide  of  tin.  Mere  heating 
to  redness  is  not  sufficient  to  expel  all  the  water  (Dumas  f ). 

*  Annal.  d.  Chem.  u.  Phaizn.  106,  a 
t  Ibid.  105,  104. 
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Btnoxide  of  tiu  is  a  straw-colored  powder,  which,  under  the  influence 
of  beat^  tmnsiently  assumes  a  different  tint,  varying  from  briglit  yellow 
to  brown.  It  is  insoluble  in  water  and  actds,  and  does  not  alter  the 
»lor  of  litmus  paper.  Mixed  with  chloride  of  ammonium  in  excess, 
ignited,  it  volatilizes  completely  as  bichloride.  If  bin  oxide  of  tin  is 
1  with  cyanide  of  potassium,  all  the  tiu  is  obtained  in  form  of  metal- 
tixileji,  which  may  be  comjdetely,  and  without  the  least  loss  of 
m<^ta],  freed  from  the  atlhering  slag,  by  extracting  with  dilute  spirit  of 
wine  and  rapidly  d€^canting  the  fluid  from  the  tin  globules  (H,  KosE  *), 
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^Jk  Xfydmt4id  protoftulpIdtU  of  tin  forms  a  brown  precipitate,  insoluble 
ii^^nrter,  sulphuretted  hydrogen  water,  and  dilute  acids.  In  precipita- 
iiiig  tin  from  solutions  of  the  protoxide  by  means  of  sulphuretted  hy- 
drogen, fr'ee  bydi'i>chloric  acid  must  not  be  preneut  in  too  liirge  amount, 
lu id  Uie  solution  must  be  diluted  sulHciently,  An^niouia  fails  to  dissolve 
it ;  but  it  dissolves  pretty  readily  (as  bisulphide)  in  the  yellow  sulphide 
•  »f  ammonium,  and  in  the  yellow  sulphide  of  potassjiini ;  it  dissolves 
tvttdily  in  hot  concentrated  hydrochloric  aciil.  Heated,  with  exclusion 
of  air,  it  loses  its  water  of  hydration,  and  is  converted  into  anhydroiis 
|»rotPSulphide  of  tin ;  when  exposed  to  the  continued  action  of  a  gentle 
hesXj  with  fi-ee  access  of  air,  it  is  converted  into  sulphurous  acid,  which 
tpes^  and  binoxide  of  tin,  which  remains. 
|€.  llifdrnUd  bUulphiJe  of  tin  forms  a  light-yellow  precipitat43.  In 
thing  with  pure  water,  it  is  ineliiied  to  yield  a  turbid  filtrate  and  to 
atop  up  the  pores  of  tlie  iilter ;  this  annoyance  is  got  over  by  washing 
with  water  containing  chloride  of  sodium,  acetate  of  ammonia,  or  the 
like  (BiTN3£>^J.  On  drying,  the  precipitate  assumes  a  darker  tint.  It 
i*  insoluble  in  water ;  it  dissolves  with  difJiculty  in  fmimonia,  but  read* 
ilr  in  potasso,  alkaline  sulphides,  and  hot  concentratetl  hydrochloric 
id.  It  is  insoluble  in  bisulphite  of  potaasa.  In  precipitating  tiu  from 
lutions  of  the  binoxide  by  sidphuretted  hydnigeu,  tiie  solution  sliould 
not  CODtain  too  much  free  hydrochloric  acid,  and  should  be  sufficiently 
diluted.  When  heated,  with  exclusion  of  air,  it  loses  ita  water  of  hy- 
•Imtion,  and,  at  the  same  time,  according  to  the  greater  or  less  degree  of 
lua^  applied,  one-half,  or  a  whole  equivalent  of  sulphur,  becoming  con- 
vfrrted  either  into  8es<[uisul{iMde,  or  into  protosiilphide  of  tin ;  when 
bested  very  slowly,  with  free  access  of  air,  it  is  converted  into  binoxide 
of  taiif  wiUi  disengivgement  of  sulphurous  acid. 

§  92. 

6.  AfisENioua  Acid  J   and  7.  Arsknic  Acid. 
Ansxxic  is  weighed  either  as  arseniate  of  lead,  a^  TERStrLPHiDE,  as 

ABSEIflAtS  OF  MAUN  ESI  A  AXD  AMMONIA,  Or  ilS  BASIC  ARSENIATE  OF  SESQUI- 

OJLIDB  OF  laoN ;  besides  these  forms,  we  have  here  to  examine  also  ar- 

mnO-MOLTBDATE  OF  AMMONIA. 

a,  ArMmaU  cf  l^cul,  in  the  pure  state,  is  a  white  powder,  which  ogglu* 
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tinatea  when  exposed  to  a  gentle  red  heat,  at  the  same  time  transitoriljr 
acquiring  a  yellow  tint ;  it  fuses  when  expoE^ed  to  a  higher  degjree  of  heat. 
When  stronglj  ignited,  it  suffei's  a  slight  diminution  of  weight,  losing  a 
BDnall  proportion  of  arsenic  acid,  which  escapes  as  arsenions  acid  and 
oxygen.  In  analysis  we  have  never  occaidon  to  operate  upon  the  pure 
arseniate  of  lead,  but  upon  a  mixture  of  it  with  free  oxide  of  lead. 

b,  TerMuJphide  of  arsenic  foiuis  a  precipitate  of  a  rich  yellow  color ;  it 
is  insoluble  in  water,*  and  also  in  sulphuretted  hydrogen  water.  When 
boiled  with  water,  or  left  for  several  days  in  contact  with  that  fluid,  it 
undergoes  a  very  trifling  decomposition :  a  trace  of  araenioua  acid  dia- 
Bolves  in  the  water,  and  a  minute  proportion  of  sulphuretted  hydrogen  is 
disengaged.  This  does  not  in  the  least  interfere,  however,  with  the 
washing  of  the  precipitate.  The  precipitate  may  be  dried  at  100°,  with- 
out suffering  decomposition ;  the  whole  of  the  water  which  it  contains  is 
expelled  at  that  temperature.  When  exposed  to  a  stronger  heat,  tersul- 
phide  of  arsenic  transitorily  assumes  a  hrownish-red  color,  fuses,  and 
tiimlly  rises  in  vapor,  without  suffering  decomposition.  It  dii^solv  ~ 
readily  in  alkalies,  alkaline  carbonates,  alkaline  sulphides,  bisulphite  (  _ 
potassa,  and  nitrohydrochloric  acid  ;  but  it  is  scarcely  soluble  in  boiling 
concentrated  hydrwhloiic  acid,  lied  fuming  nitric  acid  converts  it  into 
arsenic  acid  and  sulphuric  acid. 

As 75  60-98 
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p.  Arsenmte  of  magnesia  and  amnionia  fomis  a  wlute,  somewhat  trans- 
parent, finely  crystalline  precipitate,  which  has  the  formula  2  Mg  O,  N  H< 
O,  As  C\  +  12  aq. 

At  100^,  it  loses  1 1  eq.  water  ;  the  formula  of  the  precipitati  dried  at 
that  temperature  is  accordingly  2  Mg  O,  N  H^  O,  As  O^  -f-  aq.  Upon 
ignition  it  los<is  its  water  and  animonia,  and  changes  to  2  Mg  O,  As  O4. 
But  as  the  ammoniacal  gas  exercises  a  reducing  action  upon  the  arsenic 
acid,  the  new  compound  suiTers  a  loss  of  weight,  which  is  the  more  con- 
siderable the  longer  the  ignition  is  continued  ;  it  amotmls  to  from  4 — 12 
per  cent,  of  the  arsenic  originally  present  in  the  salt  (11,  Rose).  Arseniate 
of  magnesia  and  ammonia  dissolves  very  sparingly  in  water,  one  part  of 
the  salt  dried  at  100^,  refpiiring  2051),  one  part  of  the  anhydrous  salt, 
2788  parts  of  water  of  15^,  It  is  still  more  sparingly  soluble  in  ammo- 
mated  water,  one  part  of  the  salt  dried  at  100  retpiiriug  15038,  onei>art 
of  the  anhydrous  salt,  1o78(j  ])arts  of  a  mixture  of  one  part  of  solution  of 
ammonia  (Ot)0  sp.  gr),  and  3  purt-s  of  water  at  15°.  In  water  contain* 
ing  chloride  of  ammmiium,  it  is  much  more  readily  soluble,  one  part,  of  the 
anhydrous  salt  requiring  S8G  pai-ts  of  a  solution  of  one  part  of  chloride  of 
ammonium  in  7  parts  of  water.  Presence  of  ammonia  dimmisLes  the 
solvent  capacity  of  the  chloride  of  auimonium  solution:  one  pari  of  the 
anhydrous  salt  requires  3011  parts  of  a  niLxture  of  (iO  parts  of  water,  10  of 
solution  of  ammonia  (0116  sjj.  gr.)  and  one  of  chloride  of  ammonium^ 

•  In  some  oxporiiiipntg  which  T  had  occasion  to  make^  in  the  comiBe  of  an  unaly- 
ais  of  the  springs  of  Wielbtich  iChcmiaehe  Utitersncbuog  der  wichtigstea  M^aervJ- 
w&sser  des  Herzogthuma  Nasaau  von  Dr,  FreReniiis,  V.  Schwefelquell©  stn  ^V<*U* 
bodL  Wiesbaden,  Kreidul  nnd  Nieduer.  18ofi)^  1  found  that  one  part  of  Aa  S» 
dissolves  in  about  1  million  part^  of  water. 

t  Zeitachrift  t  anal  Chenu  3,  206. 
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COMFOSmOK  OP  THE  ABSEKIATE  OF  MAaKKfllA  AKH  AMMONIA 
DRIED   AT    100^ 

2MgO 40  2106 

KH,  O 26  13*68 

AaOs    115  60-53 

HO    9  474 


190  100*00 

d,  AraenuUe  of  se^qmoxlde  of  iron, — The  white  slimy  precipitate,  pro- 
duced by  the  action  of  ordinary  araeniate  of  soila  upon  solution  of  sesqui- 
chlarido  of  iron,  has  the  composition  2  Fe,  O,,  3  H  O,  3  As  O.,  +  9  aq. 
It  tliftsolves  in  solution  of  ammonia,  imparting  a  yellow  color  to  the  fluid. 
Besides  tliis  compound,  thei*e  exist  still  seveml  otherH,  with  larger  pro- 
portions of  sesi^uioxide  of  iron ;  thus  we  have  Fe^  O^,  A  s  O^,  which  falls 
down  -f  5  aq.  upon  the  precipitation  of  ai'senic  acid  with  acetate  of  ses* 
quioxide  of  iron  (KoTSrHOUBKY)  ;  2  Fe^  O^j^  As  O,^,  which  is  obt^ned  4- 
12  iM|.,  when  basic  arspuiate  of  protoxide  of  iron  is  oxidized  with  nitric 
Bid,  and  ammonia  added  ;— 16  Fe,  O.,  Aa  0^,,  which  forms  4*  24  aq,, 
pon  boiliug  the  less  basic  compounds  with  solution  of  potassaln  excess ; 
BEit/.*:iars),  The  two  latter  compounds  are  not  soluble  in  ammonia ;  the 
htst  is  quite  like  hyd rated  aesquioxido  of  iron,  [Doubtlesa  the  basic 
I  i|.arBeniate  of  sesquioxide  of  iron,  like  the  analogous  phoephate,  loses  acid 
•  *«  long  as  it  is  wasbetl,  and  therefore  the  precipitate  has  no  definite  com- 
pofii tion.  j  I n  B E RTH I K h' s  me th od  o f  esti ouiiing  arsenic  acid,  wo  ob tain mix- 
ture»  of  these  ditferent  salta.  They  are  the  better  adapted  for  the  purpose, 
r  more  basic  they  are  ;  being  the  more  insoluble  in  aramouia,  and  at  the 
>  time  more  easily  washixL  U[ion  ignition  the  water  alone  is  expelled, 
rided  the  heat  be  very  gradual  ly  increased.  But  if  the  salt  is  suddenly 
'  to  a  strong  heat,  before  the  adhering  ammonia  has  escaped,  part 
rllw menic acid  is  then'hy  re<luced  to  arsenious  acid  (IT.  Rose). 
#«  A^fsento-molt/btlat^  of  ammonia. — If  a  Suid  containing  arsf^nic  acid 
lA  mixed  with  a  large  proportion  of  molyljthite  of  ammonia,  and  suthciont 
nitric  or  hydiXDchloric  acid  to  redissolve  the  precipitate  of  molybdic  acid 
which  fornjs  at  first,  and  the  fluid  heatod  to  boiling,  a  yellow  precipitate  of 
WBcnio-molybdatc  of  ammonia  sejiarates — provided  the  molybdic  acid  be 
at  in  excess.  Thb  precipitate  comports  it>self  with  solvents  like  the 
Jogous  com|»ound  of  phospliorie  acid  ;  it  is,  like  the  latter,  insoluble  in 
^ter,  salts,  and  free  acids^  |mrticularly  nitric  acid,  provided  an  excess  of 
iolution  of  molybdate  of  ammonia,  mixed  with  acid  in  moderate  ex ceaa, 
ho  present.  Seligsohn*  found  it  to  be  composed  of  87't)6G  per  cent,  of 
molybdic  acid,  6*308  arsenic  acid,  4*258  ammonia,  and  1*768  water. 

A — Forms  iir  wmcii  thb  acids  are  weighed  or  precipitated. 
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§93. 
L  ARSEsnous  Acid  and  Arsenio  Acid. — See  §  92. 

2.  Chromic  Acid. 
Chromic  acid  is  weighed  either  in  the  form  of  sESQtnoxtDE,  or  in  that 

of  dlEOMATE  OF  LEAD. 


•  Joum.  t  prakt.  Chem.  67, 481* 
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a.  Sedquiooside  of  chromium. — See  §  76. 

b.  Chromate  of  lead  obtained  by  precipitation  forms  a  bright  ycillow 
precipitate,  insoluble  in  water  and  acetic  acid,  barely  soluble  in  dilute 
nitric  acid,  readily  in  solution  of  potassa.  When  chromate  of  lead  is 
boiled  with  concentrated  hydrochloric  acid,  it  is  readily  deoomposed, 
chloride  of  lead  and  sesquichloride  of  chromium  being  formed.  Addition 
of  alcohol  tends  to  promote  this  decomposition.  Chromate  of  lead  is 
unalterable  in  the  air ;  it  diies  thoroughly  at  100®.  Under  the  influence 
of  heat  it  transitorily  acquires  a  reddish-brown  tint ;  it  fuses  at  a  red 
heat ;  when  heated  beyond  it«  point  of  fusion,  it  loses  oxygen,  and  is 
transformed  into  a  mixture  of  sesquioxide  of  chromium  and  basic  chro- 
mate of  lead.  Heated  in  contact  with  organic  substances,  it  readily 
yields  oxygen  to  the  latter. 

Pb  O 111-50         68-94 

CrO, 50-24        31-06 


161-74       100-00 

3.  Sulphuric  Acid. 

Sulphuric  acid  is  determined  best  in  the  form  of  sulphatb  op  babyta, 
for  the  properties  of  which  see  §  71. 

4.  Phosphoeic  Acid. 

The  principal  iiorms  into  which  phosphoric  acid  is  converted  are  as  fol- 
lows : — PHOSPHATE  OP  LEAD,  PYROPHOSPHATE  OP  MAGNESIA,  BASIC  PHOS- 
PHATE OP  MAGNESIA  (3  Mg  O,  P  Og),  BASIC  PHOSPHATE  OF  SESQUIOXIDE 
OP  IRON,  PHOSPHATE  OF  SESQUIOXIDE   OF   URANIUM,  PHOSPHATE   OP    BINOX- 

IDE  OF  TIN,  and  PHOSPHATE  OF  SILVER.     Besides  these  compounds,  we 
have  to  examine  phosphate  of  suboxide  of  mercury,  and  phospho- 

MOLYBDATE  OF  AMMONIA. 

a.  The  phosphate  of  lead  obtained  in  the  course  of  analysis  is  rarely 
quite  pure,  but  is  generally  mixed  with  free  oxide  of  lead.  In  this  mix- 
ture we  have  accordingly  the  basic  phosphate  of  lead  (3  Pb  O,  P  O5)  ;  in 
the  pure  state,  this  presents  the  appearance  of  a  white  powder ;  it  is  in- 
soluble in  water  and  in  acetic  acid,  and  equally  so  in  ammonia ;  it  dis- 
solves readily  in  nitric  acid.  When  exposed  to  the  action  of  he^t,  it 
fuses,  without  undergoing  decomposition. 

h.  Pyrophosphate  of  magnesia, — See  §  74. 

c.  liable  phosphate  of  magnesia  (3  Mg  O,  P  O^). — This  compound  is 
produced  by  mixing  a  solution  of  an  alkaline  phosphate,  containing 
chloride  of  ammonium,  with  magnesia,  evaporating  the  mixture,  heating 
the  residue  until  the  chloride  of  ammonium  is  completely  expelled,  and 
finally  treating  with  water ;  the  compound  so  produced  contains  an  ex- 
cess of  magnesia.  It  is  sufficient  for  our  purpose  to  state  that  it  is  near- 
ly absolutely  insoluble  in  wator  and  in  solutions  of  salts  of  the  alkalies 
(F.  R  SCHULZE  *). 

d,  JBasic  phosphate  of  sesquioadde  of  iron. 

If  a  solution  of  phosphoric  acid  or  of  phosphate  of  lime  in  acetic  acid 
is  carefully  precipitated  with  a  solution  of  acetate  of  sesquioxide  of  iron, 
or  with  a  mixture  of  iron-alum  and  acetate  of  soda,  so  that  the  iron  salt 

♦  Joum.  f.  prakt  Chem.  63,  440. 
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way  jtiat  predominate,  the  precipitate  always  containB  1  eq.  P  0^^  to  1  eq. 
Fe,  O,  (IIawbky,  Wittstein,  E.  Davy  ♦) ;  i^  on  the  other  hand,  the 
Acrtate  of  iroii  is  iii  larger  excess,  the  precipitate  eontaina  more  base. 
WlPlJUEfN  obtained,  by  using  considerable  excess  of  acetate  of  ii'on,  a 
precipitate  of  the  formula  4  Fe^  O^,  3  P  Or,.  Precipitates,  obtained  with 
a  snuill  excess  of  the  precipitant,  possess  a  composition  varying  between 
the  abore-mentioned  limits.  Kammelsbehg  obtained  l\  0„  P  O^  ( -h 
4  »q,),  and  WlTTSTKlx  subsequently,  the  tsaine  compound  (witli  B  aq.  in- 
stead of  4),  upon  mixing  sulphate  of  sesqmoxide  of  iron  with  phoaphate 
of  aoda  in  excess ;  with  an  insufficient  quantity  of  the  phosphate  of  soda, 
the  latter  chemist  obtained  a  more  yellowish  pi'ecipitate,  wliich  had 
the  loriiiaia 

3  fPeA,  P  0,+8  aq.)  +  (Fe,03,  3  If  O). 
If  an  acid  fluid  containing  a  corhnlihrahle  excess  of  phosphoric  acid 
ia  mixed  with  a  small  quantity  of  solution  of  sesquioxide  of  iron^  and 
an  alkaline  acetate  added,  a  precipitate  of  the  formula,  Fe,0.4,  P  O^ 
+  water,  its  invariably  obtained,  which,  accoi-dingly,  leaves  upon  ignition 
Fe,  O,,  P  Os  (Wittstein).     Fresh  experiments  that  I  have  made  upon 

■     Uii5  subject  have  positively  convinced  me  of  the  perfect  correctness  of 

I    this  itatemeiit  of  Wittstein's.} 

^VfThe 
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71 
80 

151 


47-02 
100*00 


JTLe  discrepancies  among  the  statements  made  by  diflerent  chemists 
as  to  the  composition  of  basic  phoaphato  of  sesquioxide  of  iron  obtained 
in  the  modes  above  indicated  are  explained  by  the  observations  of  Mohk, 
that  Uie  precipitate  loses  jdiosphoric  acid  as  long  as  it  is  washed,  and  has 
juently  no  definite  compositioD,  ] 

If  we  dissolve  phosphate  of  sesquioxide  of  iron  in  hydrochloric  acid, 
■turate  the  solution  with  ammonia,  and  apply  heat,  we  obtain  more 
basic  salts,  viz.,  3  Fe^  O^,  2  P  0^  (E^^JiJiELSBERfj) ;  2  Fe^  O^,  P  O^  (WiTr- 
STXnr — after  long  washing).  In.  Wittstetn's  experiment,  the  wash-ivater 
contained  phosphoric  acid.  The  white  j  »ho«phate  of  ses<|uioxide  of  irou 
does  not  dissolve  in  acetic  acid,  but  it  dissolves  in  a  solution  of  ace  tat* 
of  860quioxide  of  iron. 

TJpon  boiling  the  latter  solution  (of  phosphate  of  sesquioxide  of  iroi 
in  acetate  of  sest;iui oxide  of  ii^n),  the  whole  of  the  phosphoric  acid  precijii 
taieSy  together  with  the  basic  acetate  of  sesquio.xide  of  Li'on,  an  h}fperba»L 
photphatc  of  s^^sffu  loxidf  of  iron  (15  Fe^O^,  PO^ —  ( H aa! mels o euo  ) .  Sinu* 
Ur  extremely  basic  combinations  are  invariably  obtained  (oft^^ii  inixed 
with  free  hydrated  sesqiuoxide  of  iron),  upon  precipitating  with  ammo- 
nia or  carbonate  of  baryta  a  solution  containing  phosphoric  acid  and  an 
of  sesquioxide  of  iron.     The  precipitate  obtained  by  carbonate  of 


^■p  wt 


I 


•  PliiL  Mag-.,  xix.  p.  181,     Joum.  t  pmkt  Chem.  80,  880, 
f  In  ail  experiment  made  at  a  former  period  by  Will  and  mjaelf  {Anaal.  der 
dieia.  iL  Pharm.  50.  379),  we  obtained  in  this  waj  a  precipitate  of  the  formula 
t  F«t  O^  3  P  Oi+3  HO  -f-  10  aq.  ;  but  I  have  never  aluce  suooeeded  in  produ 
I  a  precipitate  of  the  same  compoBitioa. 
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baryta,  can  bo  conveniently  filtered  off  and  washed,  the  filtrate  u  perfectly 
free  from  either  iron  or  phosphoric  acid ;  on  the  contrary,  the  precipitate 
obtained  by  ammonia,  especially  if  the  latter  were  much  in  excess,  is  slimy, 
and  therefore  difficult  to  wadi,  and  the  filtrate  always  contains  small 
traces  of  both  iron  and  phosphoric  acid. 

e.  Phospliate  of  sesquioxide  of  uranium, — If  the  hot  aqueous  solution 
of  a  phosphate  soluble  in  water  or  acetic  acid  is  mixed,  in  presence  of 
free  acetic  acid,  with  acetate  of  sesquioxide  of  uranium,  a  precipitate 
of  phosphate  of  sesquioxide  of  uranium  is  immediately  formed.  If  the 
fiiiid  contains  much  ammoniacal  salt,  the  precipitate  contains  also  am- 
monia. The  same  precipitate  forms  also  if  alumina  or  sesquioxide  of 
iron  is  present ;  but  in  that  case  it  is  always  mixed  with  more  or  less 
phosphate  of  sesquioxide  of  iron  or  phosphate  of  alumina.  Presence  of 
potassa-or  soda-salts,  on  the  contrary,  or  of  salts  of  the  alkaline  earths, 
has  no  influence  on  the  composition  of  the  precipitate. 

Phosphate  of  sesquioxide  of  uranium  and  ammonia  (2  XJr,  0,,  N  H^  O, 
P  Oa  -f  ic  H  O)  is  a  somewhat  gelatinous,  whitish-yellow  precipitate, 
with  a  tinge  of  green.  The  best  way  of  washing  it,  at  least  so  far  as  the 
principal  part  of  the  operation  is  concerned,  is  by  boiling  with,  water 
and  decanting.  If,  after  having  allowed  the  fluid  in  which  the  preci- 
pitate is  suspended  to  cool  a  little,  a  few  drops  of  chloroform  are  added, 
and  tlie  mixture  is  shaken  or  boiled  up,  the  precipitate  subsides  much 
more  readily  than  without  this  addition. 

The  preeipitiite  is  insoluble  in  water  and  in  acetic  acid;  but  it  dissolves 
in  mineral  acids  ;  acetate  of  ammonia,  added  in  sufficient  excess,  com- 
plotoly  n»-preoipitates  it  from  this  solution,  upon  application  of  heat, 
l^pon  igniting  the  precipitiite,  no  matter  whether  containing  ammonia 
or  not,  phosphate  of  sesquioxide  of  uranium  of  the  formula  2  XJr,  O^, 
P  Oji  is  productHl.  Tliis  has  the  color  of  the  yolk  of  an  egg.  If  the 
precipitate  is  ignitod  in  presence  of  charcoal  or  of  some  reducing  gas, 
jmrtial  reduction  to  phosphate  of  protoxide  of  uranium  ensues,  owing  to 
which  the  ignited  mass  acquires  a  greenish  tint ;  however,  upon  warm- 
ing the  grtvnish  residue  with  some  nitric  acid,  the  green  salt  of  the 
protoxide  is  readily  reconverted  into  the  yellow  salt  of  the  sesquioxide. 
Phosphate  of  sestpiioxide  of  uranium  is  not  hygroscopic,  and  may  there- 
fow  Ih*  ignited  and  weiglied  in  an  open  platinum  dish  (A.  Arendt  and 
W.  KNor  *). 

2  Ur.O, 2S5-6  80*09 

PO, 710  19-91 


35GG  10000 

Tlio  one-fifth  part  of  the  precipitate  may  accordingly  be  calculated  as 
phivsphoric  acid  in  ortiinary  anal\-ses.l 

/'  7 *A<v«/ >/*€!/<  ofbiiuvrUf  of  tin  is  never  obtained  in  the  pure  state  in 
the  aualytii^al  pr^xwss,  but  contains  always  an  admixture  of  hydrated 


•  Oh«»miis*^hos  OontralHatt,  1SV».  Ti»i*.  S^VJ ;  and  1S57,  177. 

I  Tli<»  tviuivulont  of  untnium  is  hor>?  taken  as  5i>*4,  according  to  Ebelmen.  If 
wo  tAk*  it  aocv^nUixjf  to  IVHirc^t,  a»  W,  the  i^rnited  phosphate  would  contain 
?*iV^>;>  X'r,  Ot.  Hud  ll>  7S  phvv<phorio  aoivl  W.  Knop  and  Arendt  foimd  in  four 
<»xjvnmo4u*  AVi:^,  ai>tX».  3i>  04.  anii  i?0  tU  respectively  lin  another  30-77).  It 
will  \vt»  jioon  thAt  tho#«^  numlvrs  airw*  better  with  the  oompodtion  as  reckoned 
ftvMu  Klvlmen**  thjui  fiv^m  l\Iii?.n*s  equivalent 
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liftfitAtitiic  acid  in  excess,  which,  upon  igiiition,  changes  to  moias tannic 

" "      It  hoRy  generally  speaking,  the  »anie  profierties  aa  hydra t-ed  metii- 

ftanaic  acid,  and  is  more  particularly,  like  the  latt-er,  insoluble  in  nitrio 
acid*  Uf»on  heating  with  concentrated  solution  of  potassa,  phosphat*} 
tuid  nietaMtannat6  of  potassa  are  formed, 

^.  lYihasic  phoMphaU  of  silver  is  a  yellow  powder ;  it  is  insolublo  in 
Ty  but  readily  soluble  in  nitric  acid,  and  also  in  ammoina.     In  am- 

iniacal  ealts^  it  is  difficultly  soluble.  It  is  unalterable  in  the  air* 
Upon  ignition^  it  acquires  transiently  a  reddish-brown  color ;  at  an  in- 
tent red  heaty  it  fuses  without  decomposition, 

3AgO 347-91  B3  05 

PO^ ,..        71-00  16-95 


iW'n  100-00 

A.  J^hospfuits  of  suhnxhde  of  nwrcury, — Tills  compound  is  employed 
for  tUi*  purpose  of  effecting  the  separaticm  of  phoBj)horic  acid  from  many 
bi0(^  afttTr  !I.  Hose's  method. 

Phuttphate  of  suboxide  of  mercury  presents  the  appearance  of  a  white 
etystjilline  mass,  or  of  a  w4ute  powder.  It  is  insoluble  in  wat^r,  but 
dJMalves  in  nitric  acid.  The  action  of  a  red  heat  converts  it  into  fused 
p^OSfibat^*  of  oxide  of  mercury,  with  evolution  of  vapor  of  mercuiy* 
Upon  fusion  with  alkaline  carbonates,  alkaline  phosphates  are  produced, 
and  morcury,  oxygen,  and  carbonic  acid  escape, 

L  J^ho^f^phjo-molyhiifUr,  of  ammonia, — This  compound  also  serves  to 
the  separation  of  pbosphoric  acid  from  other  bodies  ;  it  is  of  the 
lost  irapjrtance  in  tins  respect. 

Pliosphr»-molybdate  of  ammonia  forma  a  bri^dit  yellow,  readily  subsi- 
ding precipitate.  Dried  at  100^,  it  has,  according  to  SELrosoilJf,  the  fol- 
lowing (average)  composition : — 

IVfolybdic  aeid 90744 

Phosphoric  acid  , 3*142 

Oxide  of  ammonium ♦ .  3*570 

Water 2544 


100^000  • 


In  the  pure  state,  it  dissolves  but  sparingly  in  cold  water  ( I  in  10000 — 
SERTz) ;  but  it  is  soluble  in  hot  water.     It  is  readily  soluble,  even  in 

I  cold,  in  caustic  alkalies,  alkaline  carbonates  and  phosphates,  chloride 

of  ammonium,  and  oxalate  of  ammonia.  It  dissolves  only  Kparingly  in 
sulphate  of  ammonia,  nitrate  of  potassa,  and  chloride  of  potassium  ;  and 
very  sparingly  in  nitrate  of  anmionia. 

It  IB  soluble  in  sulphate  of  potassa  and  sulphate  of  soda,  chloride  of 

•  Yrrrm  the  Tarrms' results  of  different  analysts  it  is  plain  that  the  precipitate, 
pTf'  the  sanie  circa mgtanccB,  has  not  ahvnyB  exactly  the 

BAi  i<cbein  (Joum.  f.  prakt.  Chem.  5^1,  342)  found  in  the 

prt;.-i|OL;iN^  .me*i  at  in  .  ^v.i—S  12  (^  P  O;  ;  Lipowitz  (Pogg.  Anual  109,  135),  in  the 
precipitate  dried  at  frtim  20  to  30%  3G07  ;-*  P 0»  •  E^ertt  (Jonm.  t  prakt.  Chem. 
79,  496)»  8  7  to  3  8.  [Dietrich  (Frea  Zfiitschrift  fur  analyt  Chem,  1800,  45)  says 
that  this  precipitate  cx^ntaias  small  and  variable  qaantities  of  admixed  moljbdic 
H«  finds,  however,  th&t  th«  relation  between  P  0«  and  N  H«  ia  constantly 
i  Beligsohn  s  formula  (23  N  H*  O  P  0»)  ^  15  (HO,  4  Mo  O,),  Dietrich  esti- 
i  P  Ot  by  bnaging  the  ppt  into  the  azotometer. 
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sodium  and  chloride  of  magnesium,  and  sulphuric,  hydrochloric,  and 
nitric  acids  (both  concentrated  and  dilute).  Water,  containing  1  per  cent, 
of  common  nitric  acid,  dissolves  r^Vir  (£ooebtz).  Application  of  heat 
does  not  check  the  solvent  action  of  these  substances.  Presence  of  mo- 
lybdate  of  ammonia  totally  changes  its  deportment  with  acid  fluids  :  in 
presence  of  that  substance,  it  is  almost  insoluble  in  acids,  even  upon 
ebullition.  The  solution  of  the  phospho-molybdate  of  ammonia  in  acids 
is  probably  attended,  in  all  cases,  with  decomposition  and  with  separa- 
tion of  the  molybdic  acid,  which  cannot  take  place  in  the  presence  of 
molybdate  of  ammonia  (J.  Craw  *),  Tartaric  acid  and  similar  organic 
substances  entirely  prevent  the  precipitation  of  the  phospho-molybdate 
of  ammonia  (Eogertz).!  In  the  presence  of  an  iodide,  instead  of  a  yel- 
low precipitate,  a  green  precipitate  or  a  green  fluid  is  formed,  resulting 
from  the  reducing  action  of  the  hydriodic  acid  on  the  molybdic  acid  (J. 
W.  Bill  t).  Other  substances  which  reduce  molybdic  acid  have  of 
course  a  similar  action. 

5.  BoRAcio  Acid. 

BoROFLUORiDE  OF  POTASSIUM  is  the  best  form  to  convert  boracic  acid 
into  for  the  puq)ose  of  the  direct  estimation  of  the  acid.  This  com- 
pound is  produced  by  mixing  the  solution  of  an  alkaline  borate  (the  po- 
tassa  salt  answers  best)  wiUi  hydrofluoric  acid  in  excess,  in  a  ulver  or 
platinum  dish,  and  evaporating  to  dryness.  The  gelatinous  precipitate 
which  forms  in  the  cold,  dissolves  upon  application  of  heat,  and  sepa- 
rata's fi*om  the  solution  subsequently,  upon  evaporation,  in  small,  hard, 
transi»anMit  crystals.  Tlie  compound  has  the  formula  K  Fl,  B  FV  It 
is  si>lul>lo  in  water  and  also  in  dilute  spirit  of  wine ;  but  strong  al- 
cohol fsiils  to  dissolve  it ;  it  is  insoluble  also  in  concentrated  solution 
of  acotato  of  potasaa.  It  may  be  dried  at  100°,  without  sufiering  de- 
ct>m|>osition  (A.ri;.  Stromeyer^). 

K    3911  31-01 

B    1100  8-72 

Fl    7600  60-27 


12611  100-00 

6.  Oxalic  Acid. 

Wlien  oxalic  acid  is  to  be  directly  determined  it  is  usually  prBcq>i- 
taUnl  in  tho  fv^rm  of  oxalate  of  lime  :  and  its  weight  is  inferred  from 
the  CARBONATE  OF  LIME  pnxiuoetl  fn>m  the  oxalate  by  ignition.  For 
the  pro[H»rti»^  itc,  of  o;irlH>nat<»  of  lime  and  of  oxalate  of  lime,  see 

7.  Hydroflvoric  Acid. 

Tho  ^trfct  estimation  of  hydrofluoric  acid  is  usually  eflected  by 
uvi^ing  the  acid  in  the  form  of  fluoride  of  calcitm. 

•  Oh<^m.  Gaa  l^V?,  Sid. 

f  ili|v«wiu  (JjihrMberiohtH  1^\  61 S-  rNtnumeodB  a  mo^jbdie  solution 
tainii^  larUrio  aci.)  fvvr  th«  {wcdpittoioa  of  P  Oi. 
;  SiUim  JoQm..  July,  1>^  §  AanmL  d.  ClMa.  «.  FkaoB.  100,  8lL 
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*  cf  cai^um  fonnji  a  gelatinotis  precipitate,  which  it  is  found 
difficult  to  wash.  If  digested  with  ammonia,  previoxia  to  filtration » 
it  is  rendered  denser  and  less  gelatinous.  It  is  not  altogetlier  insolu- 
ble in  water ;  aqueous  solutions  of  the  alkalies  fail  to  decompose  it. 
It  is  very  slightly  soluble  in  dilute,  but  more  readily  in  concentrated 
hydrochloric  acid.  When  acted  upon  by  sulphuric  acid,  it  is  decom- 
posed,  and  sulphate  of  lime  and  hydrofluoric  acid  are  formed.  Fluoride 
of  calcium  is  unalterable  in  the  air,  and  at  a  red  heat,  Exjwsed  to  a 
vert  intense  beat,  it  fuaes.  Upon  intense  ignition  in  moiHt  air,  it  ia 
slowly  and  pailially  decomposed  into  lime  and  hydrofluoric  acid. 
KLted  with  chloride  of  ammonium,  and  exposed  to  a  red  beat,  fluoride 
of  ctldum  sutlers  a  continual  loss  of  weight ;  but  the  decomposition  is 
incomplete. 


Ca.. 
Fl... 

20 

19 

39 

8.  CABBOino  Acid. 

81-28 
48-72 

100-00 

The  (Uir0ei  estimation  of  carbonic  acid — which,  however,  is  only 
inrely  resorted  to — is  usually  effected  by  weighing  the  acid  in  the 
farm  of  carbokatk  of  ume.  For  the  properties  of  the  latter  sub- 
lUtice,  see  §  73. 

B.  Silicic  Aoid  (or  Silica). 

By  whaterer  decomposition  silicic  acid  is  separated  in  the  wot  way,  it 
bslways  hyd rated.  Tlie  hydrate  is  generally  gelatinous,  occasionally  pul- 
'WTil^it^  The  amount  of  water  it  contains  varies  according  to  the  cir- 
amstances  under  which  it  was  formed  ;  at  least  this  is  die  only  explana- 
faoa  I  can  give  of  Uie  great  difierences  in  the  results  obtained  by  va~ 
rioQg  chcanists  who  bave  analyzed  hydrates  of  silicic  acid  dried  in  the 
ttflae  way-* 

Tlic  gelatinous  hydrate  of  Bilicic  acid  is  never  entirely  insoluble  in 

«*ter  and  acids.     While  however  the  degree  of  solubility  is  relatively 

M^  if  the  hydrate  immediately  on  separation  comes  in  contact  -ft-ith 

Uqje  quantities  of  fluid,  it  is,  on  the  contmry,  low,  when,  after  having 

hem  separated  and  washed,  it  is  treated  with  solvents ;  thns  1  part  of 

olidc  acid  in  the  hydrated  condition,  obtained  by  passing  fluosilicic  gas 

into  water    and  washing    the    precipitate    completely,    requires    7700 

puts  of  water^  11000  parts  of  cold,  and   5500  parts  of  boiling  hydro- 

fWoric  acid  of  1'115  sp.  gr.     (J.  FuciiB,  ^<",  cit,)     Hydmte  of  eilicno 

■cid  dried  at  1 00"^  forms  a  loose,  white  powder  ;  it  is  innolubb  in  water 

a&d  in  acids  (hydrofluoric  excepted),  but  it  diBsolveft  in  sohitious  of  the 

feced  alkalies  and  their  carbonates,  especially  in  the  heat.     The  silicic 


*  Do'Wfi  (AmiaL  de  Chim.  et  de  PhjR  21,  40 ;  Anti&l.  d.  Chcm.  xl  Pbann.  64, 
M)fmiJ>d  in  the  air-dried  hydrate  IfJO  to  17-8^  water 'J.  Fuohs  fAmial.  d. 
C^sBK  m.  PhamL  82,  119  to  123),  9-1  to  ft-S  ;  O.  Lippert  (Expt  No.  61),  9  28  to 
^95.  Doreri  found  in  the  hydrate  dried  at  100%  8  3  to  9  4  ;  J.  Fucha,  6'6a  to 
tM  ;  O  Lippert,  4 '97  to  5  53  ;  HI  Ro^e  (Pogg  AntiJiL  108,  1  ;  Jouth,  fiir  prakt 
Cbem,  81.  227^  fotmd  in  the  hydrate  obtained  by  digesting  Htilbite  with  conoen- 
tAteil  bydjoGfalaric  amd,  sad  dried  at  150%  4*85  ft  water. 

10 
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acid  is  obtained  in  tlie  same  form,  when  its  solution  in  water  or  in  hj- 
drochloric  acid  is  evaporated  and  the  residue  dried  at  100^. 

On  ignition  all  the  hyd raters  pass  into  the  anhydrous  add.  As  the 
vapoi  e8ca|>e8  small  particles  of  the  extremely  fine  powder  are  liable  to 
whirl  up.  This  may  be  avoided  by  moistening  the  hydrate  in  the  cru- 
cible with  water,  evaporating  to  dryness  on  a  water  bath^  and  then 
applying  at  first  a  slight  and  then  a  gradually  increased  heat. 

Hie  silicic  acid  obtained  by  igniting  the  hydrate  appears  in  the  amor* 
phous  condition,  with  a  sp.  gr.  of  2*2  to  2-3.  It  forms  a  white  powder 
insoluble  in  water  and  acids  (hydrofluoric  excepted),  soluble  in  solu- 
tions of  the  fixed  alkali*"^  and  their  carbonates,  e«i>ecially  in  the  heat. 
Hydrofluoric  acid  readily  dissolves  amorphous  silicic  acid  ;  the  solution 
leaves  no  residue  on  evaporation  in  platinum,  if  the  silica  was  pure* 
The  amorphous  silica,  when  heated  with  fluoride  of  ammonium  in  a 
platiniim  crucible,  readily  volatilizes.  The  ignited  amorphous  silica, 
exposed  to  the  air,  eagerly  absorbs  water,  wluch  it  will  not  give  up  at 
from  IDO  to  150**.  (H.  Rose.)  8iiiea  fuses  at  the  strongest  heat.  The 
mass  obtained  is  vitreous  and  auiorjihous. 

Amorjjhous  silica  ignited  with  chloride  of  ammonium,  at  first  loses 
weighty  and  then,  when  the  ignition  has  rendered  it  denser,  the  weight 
remains  constant. 

The  amorphous  ailiea  must  be  distinguished  from  the  crystallized  or 
crystalline  variety,  which  occurs  as  rock  crystal,  quartz,  sand,  &c.  Thin 
has  a  sp.  gr.  of  2't>  (Schaffootsch),  and  is  far  more  difficultly,  and  in 
far  lesii  amount,  dissolved  by  potash  solution  or  solution  of  fixed  alkaline 
carbonates ;  it  is  also  more  slowly  attacked  by  hydrofluoric  acid  or  fluo- 
ride of  ammonium. 

Vegetable  colors  are  not  changed  either  by  silicic  acid  or  its  hydFRtes. 


Si 1400 

O. 16*00 


46-67 
53-33 


30^00 


100*00 
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L  Hydbochloric  Acid, 

Hydrochloric  acid  is  almost  invariably  weighed  in  the  form  of  chlo- 
ride OF  siLVEB — for  the  properties  of  which,  see  §  82. 

2.  Hydrobromio  Acid. 
Hjdrobromic  acid  is  always  weighed  in  the  form  of  bkomide  of  bil- 

TER. 

Uromide  of  silver^  prepared  in  the  humid  way,  forms  a  yelloiriah- 
whita  precipitate.  It  is  wholly  insoluble  in  water  and  in  nitric  acid, 
tolerably  soluble  in  ammonia,  readily  soluble  in  hy|)osulphite  of  soda 
and  in  cyanide  of  potassium.  Concent i-ated  solutions  of  tbe  chlond£0 
and  bromides  of  potassium,  sodium,  and  ammonium  dissolve  it  to  a  very 
perceptible  amonnt,  while  in  verj^  dilute  solutions  of  these  s&lta  it  h 
entirely  insoluble.  Traces  only  dissolve  in  nitrates  of  the  alkalies.  On 
digestion  ^ith  excess  of  iodide  of  potassium  solution  it  is  completely 


!«.] 


ACTDS   aP  GROUP   ri. 


14T 


arertad  into  iocHde  of  silver  (Fietj)).     On  ignition  in  a  current  of 
Ichlarine  the  bromide  of  silver  ia  transformed  into  the  cbloricJe ;  on  igni- 
.  ill  n  current  of  hydrogen  it  ia  converted  into  nietalliii  silver,     Ex- 

io  the  light  it  gradually  turtiR  gray,  and  finally  black.    Under  the 

RftBiience  of  be^it,  it  fuses  to  a  reddish  liquid,  wldch,  upon  cooling,  solidi- 
fies to  a  yellow  horn-like  ma&a-  Brought  into  contiict  with  zinc  and 
wnter,  bromide  of  silver  ia  decomposed :  a  Bpongy  mass  of  metallic  «il- 
ver  forms,  and  the  solution  contaius  bromide  of  zinc. 


Ag 107-97 

Br 80-00 


187-97 


67-44 
42'M 

100-00 


3.  HYDRiODia  Acid. 

Hydriodic  acid  is  usually  determined  in  the  form  of  iodide  of  bil- 
^  and  occasionally  also  in  that  of  protiodide  vIF  palladii  m. 

lodidt  of  sliver ^  produced  in  the  lamiid  way,  forms  a  light-yellow 

aj>itjit4%  insoluble  in  water  and  in  dilute  nitric  acid,  and  very  slightly 

iduble  in  ammonia.     One  part  dissolves,  according  to  Wallaie  and 

LIST,*  in  2493  parts  of  aqueous  ammonia  sp,  gr,  0-89,  according  to 

IKI,  in  2510  parts,  of  0*96  sp.  gr.      It  is  copiously  taken  up  by 

[lir&ted  solution  of  iodide  of  pot^issium,  but  it  is  insoluble  in  very 

it  dissolves  readily  in  hyptiBtilpbiie  of  soda  and   in  cyiinide  of 

traces  only  are  dissolv<3d  by  alkaline  nitrates.     I  bit  coneen- 

Iric  ami  suljihunc  acids  convert  it,  but  with  some  difficulty,  into 

'    nlphate  of  silver  respectively,  with  expulsion  of  the  iodine. 

i-r  ac'iuires  a  black  color  when  exposed  to  the  light.   When 

fiLses  without  decomposition  to  a  reddinh  fluid,  wliich,  upon 

r»litlilies  to  a  yellow  mass,  that  may  be  cut  ^-ith  a  knife.     Un- 

'  tlie  influence  of  excess  of  chlorine  in  the  heat  it  is  completely  con- 
into  cLloride  of  silver ;  ignition  in  hydrogen  reduces  it  to  the 
^  When  brnught  into  contoct  with  zinc  and  water,  it  iB 

iodide  of  xinc  is  formed,  and  metallic  silver  separates. 


Ag 107-97 

I , 127-00 


234-97 


45-95 
54-05 

100-00 


JPfQtMi'U  of  paUadium^  produced  by  mixing  an   alkaline  iodide 

Lii^^.M-Hlonde  of  palladium^  is  a  deep  brownish-black,  flocculent 

ii^uble   in   water   and   in   dilute   hydrochloric  acid,   but 

le  in  saline  solutions  (chloride  of  sodium,  chloride  of  mag- 

idr  of  calcium,  lirc).     It  is  nnalterable  in  the  air.     Dried' 

*r,  it  retains  one  equivalent  of  water  ^  5-05  per  cent. 

rrwo,  or  at  a  rather  high  temperature  (70^  to  80**),  it 

'    !         Ltter,  without  the  least  loss  of  iodine.     Dried 

f  iodine;  at  from  300  to  400**,  the  whole  of 

i,     1  he  precipitated  iodide  of  palladium  may  be 

:,  without  loss  of  iodine. 


*  Chem,  QwM.  1850, 197. 
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Pd 

I 

63-00 

127-00 

29-44 
70-56 

180-00  100-00 

4.  HYDBOCYAinC  AciB. 

Hydrocyanic  acid,  if  determined  gravimetrically  and  directly,  i8 
always  converted  into  cyanide  op  silver — for  the  properties  of  which 
compound  see  §  82. 

5.  Hydrosulphuric  Acid  (or  Sulphuretted  Hydrogen). 

The  forms  into  which  sulphuretted  hydrogen,  or  the  sulphur  in  me- 
tallic sulphides,  is  converted  for  the  purpose  of  being  weighed,  are 

TER8ULPHIDE  OF  ARSENIC,  SULPHIDE  OF  SILVER,  SULPHIDE  OF  COPPER,  and 
SULPHATE  OF  BARYTA. 

For  the  properties  of  the  sulphides  named,  see  §§  82,  85,  92 ;  for 
those  of  sulphate  of  baryta^  see  §  71. 

ACIDS  OF  THE  THIRD  OR0UP« 

§95. 

1.  Nitric  Acid  ;  and  2.  Chloric  Acm. 

These  two  acids  are  never  estimated  in  a  dired  way — ^that  is  to  saj, 
in  compounds  containing  them,  but  always  in  an  indirect  way ;  generally 
▼olumetrically. 


SECTION    IV. 


THE  DETERMINATION  (OB  ESTIMATION)  OF  BODIES, 


Ik  liie  preceding  SecJtion  we  have  examined  the  composition  and  proper- 
ties of  the  various  forms  and  eombmations  in  which  bodies  are  saparatod 
~  pm  othei-s,  or  in  which  they  are  weighed.  We  have  now  to  consider 
special  means  and  methods  of  converting  the  aeyeral  bodies  into 
forms  and  combinations. 
For  the  sake  of  greater  cleameas  and  BimpHcity,  we  shall,  in  the  pres- 
i  Section,  coniine  our  attention  to  the  vai'ioiis  methods  applied  to  effect 
I  eiiiniatian  t}f  9ingU  LodU^^  deferring  to  the  next  Section  the  consid- 
liioa  of  the  means  adopted  for  the  estimation  of  mixed  bodies,  or  the 
$tpafntiian  of  boJies  Jram  mie  ajwfJier. 

We  have  to  deal  here  exclusively  with  bodies  in  the  free  state,  or 
viih  computinds  coti&Lsting  of  one  base  and  one  acid^  or  of  one  meial  and 
tfw  meUtlloid, 

Am  ill  the  *^  Qualitative  Analysis,"  the  acids  of  arsenic  will  be  treated 
of  among  the  bases,  on  account  of  tht^ir  behavior  to  sulpliuretted  hydro- 
^n,  liiid  those  elements  which  form  acids  with  hydrog^ai  will  be  con- 
i  in  conjunction  with  their  respcictive  hydrogen  acids. 
...  Llie  quantitative  analysis  of  a  body  we  have  to  study  first,  the  most 
upprofiriate  method  of  dissolving  it ;  and,  secondly,  the  modes  of  detor- 
imiiijigit. 

With  regard  to  the  latter  point,  we  have  to  turn  our  attention,  first, 

to  Ihe  p^Jormance  /  and  secondly,  to  the  accuracy  of  the  methods. 

It  bap[ieus  very  rarely  in  quantitative  analyses  that  the  amount  of  a 

rjee,  as  determined  by  the  analytical  process,  corresponds  exactly 

u5  amount  theoreticalty  calculated  or  actually  present;  and  if  it 

*iotj  ljiip|»en,  it  is  merely  by  chance. 

It  is  of  importattce  to  inipiire  what  is  the  reason  of  this  fact,  and  what 
iw  the  limits  of  inaccuracy  in  the  several  methods. 

The  cause  of  this  ahnost  invariably  occurring  discrepancy  between 
tli«  ((uantity  present  and  that  actually  found,  is  to  l>e  ascriijed  either 
delusively  t*j  tlm  ejt^cutlrjn,  or  it  lies  partly  in  the  method  itself. 

The  <xttculion  of  the  analytical  processes  and  operations  c^iii  never  be 
a^mJitlAi/  accurate,  even  though  the  greatest  care  and  attention  be 
bttrtowed  on  the  most  trifling  minutiic.  To  account  for  tliis,  we  need 
ooly  bear  in  mind  that  our  weights  and  measures  are  never  abmlutdf/ 
owwet,  nor  our  balances  absolutely  accurate,  nor  our  reagents  abftolutely 
jMire ;  and,  moreover,  that  we  do  not  weigh  hi  vaciw  ;  ami  that,  even 
if  WB  deduce  the  weight  in  vacuo  from  the  weight  we  artuafh/  obtain  by 
Weighing  in  the  air,  the  very  volumes  on  which  the  calculation  is  based 
JUt  but  approximately  known  ; — that  the  hygroscopic  state  of  the  air  is 
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-    v-  -^Liii^  of  the  empty  cniixblt?  and  of  the 

-    ..  -    —  _-:   -^r  know  the  WfijL*    -t'  ;]i  rilter  ash 

■  -    -ii:  uever  succeed  in  oy.  .y-'-'-'^j  keeping 

-.  -..ar-y  of  them  are  not  ei-::r-'.y  free  fmm 

■•'/■  ; — juvcipitates  are  n-  :     '  ■  .^/^/y  in- 

■.  lire    ignition    are  nut  a'v'    ■'';/  iLxt'd; 

.   .:.  .:ave  a  sli-^ht  tendency  to  v.'.j:Lli7e;  the 

...  ilyx^s  is  usually  produced  olIv  ly  a  small 

...  \  iiiih  is  occi\sionally  Ihible  to  vary  with  the 

v:irun%  ttc. 

.■   :..  il  ■•an  be  pronounced  qnit^sfree  fioin  dffe'-t ; 

..  t.  r-u*  example,  that  even  suljth'ifp  oj},':rytn  is 

r     :l   VLitfr^r.     Whenever  we  desciibe  any  method  as 

■  ■!•.  wt^  mean,  tiiat  no  causes  of  considerable  in- 

.\  x. 

.    ■:  mr  analytical  processes,  invariably  to  contend 

-    .'  iiiaLruracy  wliieh  it  is  impossible  to  ovrre«>mo 

'.'.•  .operations  lu?  conducted  with  the  most   scru- 

..    utmost  att<'ntion  to  established  rules.     It  will 

L    ii.ic  several  deftnits  and  sources  of  eiTor  may,  in 

•riate  the  results;  whereas,  in  otlier  cases,  they 

.  ;i-»r,  and  thus  enable  us  to  attain  a  higher  degree 

"(ft fire  accuracy  of  the  n^sults  attainable  by  an 

-^     .i:es  betwtM^n  two  points — these  ])oints  are  called 

•:   :he  case  of  methods  freH?  from  sources  of  error, 

-.  '.  Approach  each  other;  thus,  for  instance,  in  the 

.  with  great  care  om*  will  always  be  able  to  o]»tain 

■ '.  tor  the  100  parts  of  chlorine  actually  present. 

li-i  will,  of  course,  exhibit  far  greater  discTepan- 

^.      ation  of  strontia  by  means  of  sulphuric  acid,  the 

^v  -lul  opei-ator  may  i.ot  be  able  to  obtain  more  than 

^-»    -."^r  the   loo  parts  of  strontia  actually  present.     I 

.   state  that  the  numbers  oecashuially  given  in  this 

^    .of  the  present  work,  to  denote  the  degree  of  accu- 

'.  \ls,  refer    invariiibly  to    the  substance  estimated 

.    v\ryta,  for  instam-e),  and  not  to  the  combination  in 

;  may  bo  weighed  (ehhmde  of  silver,  bichloiide  of 

■;.»  of  annnonium,  sulphate  of  baryta,  ftir  inst^mce) ; 

,-y  of  various  methods  would  not  be  comparable. 

«    .tinment  of  results  f. ;••/.•,'///  corresponding  with  the 

»■  .:  H's  not  always  justify  the  assumptif>n,  on  the  part 

..   his  oj)erations,  lo  havt'  Kvl  t<i  such  a  result,  must 

..  .i  with  the  utmost  preeiMon  and  accui-acy.     It  may 

.    ,  I'.i  the  course  i>f  the  anahtieal  process,  that  one  eiTor 

,     v.-.t*  another  ;  thii-.,  f.M*  iii.NtauiT*.  x\w  analyst  may,  at  the 

t"  his  oiKn-at ions  ^pi'il  a  iuiu'.;:e  j«oriion  of  the  sub>tance 

.;;  whilst,  at  a  later  s:..,:-*  of  the  procos,  lie  may  nvover 

.^v     '.  s.    "^v.-THMfect  washing  of  il.e  ]M-e.ip;:;»T.\     As  a  general  rule, 

^^.    N  X  .*«;:  j:  a  iritling  deticiev.vv  vM*  >-.;!'>:.i?:ce  v.i.xy  be  looked  upon  as 

\^    .     -^v^t*  v^f  Mivurat«    jMMfonr.:ir,. e  ef  live   ai.;.'\iical    process    tlian 

^,.    .V  ,\j;ibiting  an  extvss  of  se.b>:;.v.x-.\ 

V*  not  the  least  elfective  nuwr.s  v^f  u'.;.;rxii:i^  ;u-.i::i>:  error  and  inaccu- 
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net  m  grmevm^tne  ono/yMtf,  I  would  most  stranglj  reoommeod  tlie 
mudj^n/^vmffkinfaprweipUnU,  dc,  to  compare  iU  propertie9  (color^ 
mMUiiyf  reaction^  4.'C,)  widi  thone  fjokieh  it  ghmdd  ponem^  and  which 
\mre  been  amply  described  in  the  preceding  Section. 

In  mj  own  laboratoty,  I  insist  upon  all  substances  that  are  weit^hcnl 
in  the  course  of  an  analysis  being  kept  between  watch-glasses,  until  the 
whole  affair  is  concluded.  This  affords  always  a  chance  of  testing  them 
ooee  more  for  some  impurity,  the  presence  of  which  may  bcjcome  suspected 
in  the  Jifter-course  of  the  process. 


L  KTIMATION  OF  BASES  IN  COMPOUNDS  CONTAINING  ONLY 

ONK  BASE   AND  ONE  ACID,   OR  ONE  METAL 

AND  ONE  METALLOID. 

FIB8T  QSOCr?. 
POTAflUL — BODA — ^AMMOITCA (uTHIA). 

1.   POTASaA. 

0.  SoltUhn. 

Potassa  and  its  salts^  with  those  inorganic  acids  which  we  have  to  con- 
wder  here,  are  dissolved  in  water,  in  which  menstruum  they  dissolTe 
iwdiJy,  or  at  all  events,  pretty  readily. 

Fot«flia  salts  with  organic  acids  it  is  most  convenient  to  convert  into 
flilphate  of  potMOk    See  p.  152. 

PotSBia  ia  weighed  either  as  mdphats  of  potasaaj  as  chloride  of  potus- 
Mm,  or  as  inehloride  of  plnlinum  and  chloride  of  potaeeium  (see  §  t>8). 
For  the  alkalimetric  estimation  of  caustic  or  carbonated  potaasa,  see 
%  207  and  208. 

We  may  convert  into 

L  Sulphate  of  FoTAsaA. 

Salts  of  potassa  with  strong  volatile  acida ;  «,^.,  chloride  of  potas- 
sum,  bromide  of  potassium^  nitrate  of  potassa,  Sic^  and  ealta  with  or- 
gudc  acids. 

2.  CiiLORiDS  OF  Potassium, 

In  general,  caustic  potassa  and  salts  of  potassa  with  weak  volatile 
adds;  also^  and  more  particular ly^  sulphate,  chromate,  chlorate,  and  sili* 
eate  of  potassa. 

3-   BiCHLORIDB  OF  PlATISTJM  AND  CHLORIDE  OF   FOTASSIUM. 

Jta  of  potassa  with  non-volatilo  acids  soluble  in  alcohol ;  e.^»,  phos- 

fliate  of  potassa,  borate  of  potassa. 

The  potassa  in  the  borate  of  that  alkali  may  be  determined  also  as 
lolphate  (§  136)  ;  and  the  potassa  in  the  phosphate,  as  chloride  of  potas- 
135). 
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The  form  of  bicLloride  of  platinum  and  chloride  of  potassium  may  also 
be  resorted  to  in  general,  for  the  estimation  of  the  potassa  in  all  salts 
of  that  alkali  with  acids  soluble  in  alcohol  This  form  is,  moreover,  of 
especial  importance,  as  that  in  which  the  separation  of  potassa  from 
soda,  (&c.,  is  effected. 

1.  Determination  as  Stdphate  of  PotoLBna, 

Evaporate  the  aqueous  solution  of  the  sulphate  of  potassa  to  dryness, 
ignite  the  residue  in  a  platinum  crucible  or  dish,  and  weigh  (8  42).  The 
residue  must  be  thorougldy  dried  before  you  proceed  to  ignite  it ;  the 
heat  applied  for  the  latter  puq)ose  must  be  moderate  at  first,  and  very 
gradually  increased  to  the  requisite  degree  ;  the  crucible  or  dish  most 
be  kept  well  covered — neglect  of  these  precautionary  rules  involves 
always  a  loss  of  substance  from  decrepitation.  If  free  sidphnrie  iwad  is 
present,  we  obtain,  upon  evaporation,  bisulphate  of  potassa ;  in  such 
cases  the  excess  of  sulphuric  acid  is  to  be  removed  by  igniting  first  alone 
(here  it  is  best  to  place  the  lamp  so  that  the  flame  may  strike  the 
dish -cover  obUquely  from  above),  then  with  carbonate  of  ammonia. 
See  §  68. 

For  properties  of  the  residue,  see  §  68.  Observe  more  particularly 
that  the  residue  must  dissolve  to  a  clear  fluid,  and  that  tiie  solution 
must  be  neutral.  Should  traces  of  platinum  remain  behind  (the  dish 
not  having  been  previously  weighed)  these  must  be  carefully  deter- 
mined, and  their  weight  subtracted  from  that  of  the  ignited  residue.       i 

With  proper  care  and  attention,  this  method  gives  accurate  results. 

To  convert  the  above-mentioned  salts  (chloride  of  potassium,  &c.) 
into  svdphate  of  potassa,  add  to  their  aqueous  solution  a  quantity  of  pure 
sulphuric  acid  more  than  sufficient  to  saturate  the  whole  of  the  potassa, 
evaporate  the  solution  to  dryness,  ignite  the  residue,  and  convert  the 
bisulphate  of  potassa  into  the  neutral  salt,  by  treating  with  carbonate 
of  ammonia  (§  68). 

As  the  expulsion  of  a  large  quantity  of  sulphuric  acid  is  a  very  dis- 
agreeiible  process,  avoid  adding  too  great  an  excess.  Should  too  little 
of  the  acid  have  been  used,  which  you  may  infer  from  the  non-evolution 
of  sulphuric  acid  fumes  on  ignition,  moisten  the  residue  with  dilute 
sulphuric  acid,  evaporate,  and  again  ignite.  If  you  have  to  deal  with 
a  small  quantity  only  of  chloride  of  potassium,  «kc.,  proceed  at  once  to 
treat  the  dry  s;ilt,  cautiously,  with  dilute  sulphuric  acid  in  the  platinum 
crucible  ;  providt^i  the  latter  be  capacious  enough.  In  the  case  of 
bromide  and  iodide  of  potassium,  the  use  of  platinum  vessels  must  be 
avoided. 

[  Potassii  si\lts  with  organic  aciils  are  directly  converted  into  sulphate 
of  potassa  by  tirst  carbonizing  them  at  the  lowest  possible  temperature, 
and  aftor  cooling  adding  some  crj'stals  of  pure  sulphate  of  ammonia  and  a 
little  water  to  the  mass.  Tlie  crucible  being  covered,  the  water  is  eva- 
porated by  heating  the  crucible  cover,  and  the  whole  is  afterwards  heated 
to  dull  redness,  until  the  excess  of  sulphate  of  ammonia  is  destroyed. 
If  the  carlmn  is  not  fully  consumed  by  this  oi>eration,  add  a  little  nitrate 
of  ammonia  and  repeat  the  ignition.     Kammerer.*] 

2.  De(**rtnina(ion  as  (7i/<>n<A?  of  PofajHithtrn. 

General  method  the  same  as  ilescrilnnl  in  1.     Tlie  residue  of  chloride 
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of  potasfdum  muBt,  previoualj  to  ignitioD^  he  treated  in  the  same  way  as 
sulphate  of  potajssa,  aod  for  the  same  reason.  The  salt  must  be  heated 
in  a  well-covered  crucible  or  dish,  and  only  to  dull  redness,  as  the  ap- 
pU<»tion  of  a  higher  degi-ee  of  heat  is  likely  to  canst?  some  loss  by  vola- 
tilization, ^o  particiUar  regard  need  be  bad  to  the  presence  of  free 
icid.  For  properties  of  the  residue,  see  §  68.  This  method,  if  properly 
ind  carefully  executed,  gives  very  accurate  I'esults.  The  chloride  of 
potassium  may,  instead  of  being  weighed,  be  determined  volumetrically 
by  §  141,  L  This  method,  however,  baa  no  advantage  in  the  case  of 
single  esiiniuiions,  but  savos  time  when  a  sedefi  of  estioiations  has  to  be 
made. 

In  determining  potsiasa  in  the  carbonate  it  is  soraetiraes  desirable  to 
avoid  the  ellVrvescenoc  occasioned  by  treatment  with  hydrochloric  acit], 
^Jgir  juaiiBnce,  in  the  case  of  the  ignited  residue  of  a  ])otiissa  salt  with 
in  tiigpaiio  acid,  which  U  contained  in  the  citicible.  This  may  be  etTected 
by  treating  the  ciirbomite  ^ith  solution  of  chloride  of  ammonium  in 
exoeiia,  eva]K)rating  and  igniting,  when  carbonate  of  ammonia  and  the 
•iLOeaa  of  dUoride  of  ammonium  will  escape,  leaving  cldoride  of  potas- 
tiiun  l^ehiud. 

The  methods  of  converting  into  chloride  of  potassium  the  potasaa  com- 
IttDili  apecifietl  alxjvo,  will  bo  found  in  Part  II.  of  this  Section,  under 
tive  heads  of  the  acids  which  they  contain. 

3-  Jhl&nmnation  as  JOcldori^  of  Platinum  and  CMoride  of  PotoB- 
mum* 

««  Salts  of  potassa  with  volatile  acids  (nitric  acid,  acetic  acid,  ^c). 

hlXjL  tlie  solution  witb  hydrochloric  acid,  evapoi-ate  to  dryness,  dis- 
solve the  residue  in  a  little  water,  ad<l  a  concentiated  solution  of  bichlo- 
side  of  platinum,  as  neuti-al  as  possible,  in  excess,  and  evaporate  in  a 
porc-elain  dish,  on  the  water-bath,  nearly  to  diyness,  taking  care  not  to 
tus^t  the  water-bath  quite  to  boiling.  Pour  bpiiit  of  wine  of  about  80  per 
cent,  over  the  residue ;  let  it  stand  for  some  time,  and  then  transfer  the 
bichloride  of  platinum  and  chloride  of  potassium,  which  remains  undia- 
i,  to  a  weighed  filter  (^\  hiob  may  be  readily  done  by  means  of  a 
ing  bottle  filled  with  s|jirit  of  wine).      Wash  with  spirit  of  wine, 

,  »t  100^,  and  weigh  (§  50). 

jS*  Potasaa   salts  with   non- volatile  acids  (phosphoric  acid,  boracic 

Make  a  concentrated  solution  of  the  salt  in  water,  add  some  hydro- 
chloric acid,  and  bichloride  of  platinum  iu  excess,  nux  with  a  tolerable 
qaaiititr  of  the  strongest  alcohol,  let  the  mixture  stand  24  hours ;  after 
wh^  and  proceed  as  dii'ected  in  «. 

1  i  — ^  of  tlie  precipitate,  §  ^^,     This  method,  if  properly  execut- 

Sittisfactory  results.  Still  there  is  generally  a  trifling  loss  of 
,  bichloride  of  platinum  and  chloride  of  potassium  not  being  ab- 
iolutely  innoluVde  even  in  strong  alcohol.  In  accurate  analyses,  thero- 
fbre^  the  alcoholic  washings  must  be  evaporated,  with  addition  of  a  Uttle 
pur©  <^oride  af  sodium,  at  a  temperature  not  exceeding  75"^,  nearly  to 
dryDe«8,aJidthe  residue  treated  once  more  with  spirit  of  wine.  A  trifling 
addition^]  amount  of  bichloride  of  platinum  and  chloride  of  potassium 
ii  lliut  obtained,  which  is  either  added  to  the  principal  precipitate  or 
ooUdcted  on  a  sepamte  small  filter,  and  determined  as  platinum,  by  the 
iiMtiiod  given  below.     The  object  of  the  addition  of  a  little  chloride  of 
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sodium  to  the  bichloride  of  phitinum  is  to  obviate  the  decomposition  to 
which  pure  bichloride  of  platinum  is  more  liable,  upon  evaporation  in 
alcoholic  solutiou,  than  the  bichloride  containing  sodio-bichloride  of  pla- 
tinum. The  atmosphere  of  a  laboratory  often  contains  ammonia^  which 
miglit  give  rise  to  the  formation  of  some  chloride  of  platinum  and 
ammonium,  and  to  a  consequent  increase  of  weight  in  the  potassium 
salt. 

As  collecting  a  precipitate  upon  a  weighed  filter  is  a  rather  tedious 
process,  and,  besides,  not  over  accurate,  where  we  have  to  deal  with 
minute  quantities  of  substance,  it  is  better  to  collect  small  portions  (up 
to  about  0*03  gnu.)  of  bichloride  of  platinum  and  chloride  of  potassium 
upon  a  very  small  unweigJied  filter, — dry,  and  transfer  the  filter,  with 
the  precipitate  wrapped  up  in  it,  to  a  small  porcelain  crucible.  Cover 
the  crucible,  and  let  the  filter  slowly  char ;  remove  the  cover,  bum  the 
carbon  of  the  filter,  and  let  the  crucible  get  cold.  Put  now  a  very 
minute  portion  of  pure  oxalic  acid  into  the  crucible,  cover,  and  ignite, 
gently  at  firat,  finally  to  a  strong  red  heat.  The  addition  of  the  oxalic 
acid  greatly  promotes  the  complete  decomposition  of  the  bichloride  of 
platinum  and  chloride  of  potassium,  which  cannot  well  be  effected  by 
simple  ignition.  Treat  the  contents  of  the  crucible  now  with  water,  and 
wash  the  residuary  platinum,  until  the  last  rinsings  remain  clear  upon 
addition  of  solution  of  nitrate  of  silver.*  Dry  the  residuary  platinum, 
ignite,  and  weigh.  One  equivalent  of  platinum  represents  one  equiva- 
lent of  potassium. 

§98. 

2.  Soda, 

a.  Solution 

See  §  1)7,  a — solution  of  potassa — all  the  directions  given  in  that  place 
applying  equally  to  the  solution  of  soda  and  its  salts. 

b.  J)efenninatioti, 

Soda  is  dotormined  either  as  itnlphate  of  soda^  as  chloride  of  aodium, 
or  as  ciirhouate  of  soila  (^  (>9).  For  the  alkalimetric  estimation  of  caus- 
tic soda,  and  ojirl>onato  of  sod:i,  see  §§  207  and  208. 

Wo  may  convert  into 

1.  SrLrnATE  OF  Soda;  2.  Chloride  or  Sodium. 

In  general  the  sjilts  of  soda  corresponding  to  the  salts  of  potassa 
specified  under  the  analogous  potash  compounds,  §  97. 

i^.  Car  HON  ATE  OF  Soda. 

Ca\istic  soda,  bicarbonate  of  soda,  and  salts  of  soda  with  organic  acids, 
also  nitrate  of  soda  and  chloride  of  sodium. 

Jn  the  iK^i-ate  of  soda  the  alkali  is  estimated  best  as  sulphate  of  soda 
(^  13(») ;  in  the  phov^phate,  ju>  chloride  of  sodium,  or  carbonate  of  soda 

SaltxS  of  soda  with  orgsinic  acids  are  determined  either,  like  the  corre- 
8)Huulin^  ]H>ta8sa  ciuupounds,  as  chloride,  or — by  preference — as  carbon- 
ate,    ^This  latter  methvHl  is  not  so  well  adapted  for  salts  of  potassa.) 

•  The  wjwihiwtf  of  the  rc^adutirr  platinum  may  generally  be  effected  by  simple 
dooantatioQ. 
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The  EimJyst  must  here  bear  in  mind,  th&t  when  carbon  acts  on  fusing 
Garbouat«*  of  sodii,  carbonic  oxide  escaptJSj  and  cauBtic  soda  in  not  incon- 
flide ruble  quantity  is  formed. 

1,  Ihtermlnation  as  Sulph/ite  oj"  SoJa, 

If  niuue  and  in  a<[ueous  solution,  evaporate  to  dryness,  ignite  and 
wtfigh  the  residue  in  a  covered  plHtinum  crucible  (§  42),  The  process 
do«*H  not  involve  any  risk  of  loss  by  duerepitation,  as  in  the  case  of  sid- 
pliat^^  of  polassa.  If  free  sulphuric  acid  happens  to  be  present^  this  is 
removed  in  the  same  way  as  in  the  case  of  sulphate  of  poti^Hsa. 

With  regaitl  to  the  conversion  of  chlon<le  of  sodium,  ilrc,  into  sul- 
phate of  soda,  see  §  97,  ft,  1.  For  properties  of  the  residue,  see  §  69, 
The  method  is  easy,  and  gives  accurate  results, 

2.  ThterTnittfition  as  Cfdoride  of  Sodium^ 

Same  method  as  described  in  1.  The  rules  given  and  the  observations 
made  in  §  97,  5,  2,  apply  equally  here.  For  properties  of  the  residue 
«ee  §  69, 

The  methods  of  converting  the  BMlphate,  chromate,  chlorate,  and  sili- 
eate  of  soda  hiio  chloride  of  sodium,  will  be  found  in  Pai-t  II.  of  thia 
Sectioflj  nndfsr  the  respective  heads  of  the  acids  which  these  salts  con- 


3.  J^atermijiatitm  om  Carbonate  of  ^Soda, 

^Bvapormte  the  aqueous  solution,  ignite  moderately,  and  weigh.     The 

jlta  are  iK^rfectly  accurate.     For  properties  of  the  residue,  see  §  69. 

[Caustic  soda  is  converted  into  the  carbonate  by  adding  to  its  aqueous 

Jtition  I'arlxmate  of  ammonia  in  excess,  evaporating  at  a  gentle  heat, 

'^  the  residing 

i  iiate  of  soda,  if  in  the  dry  state,  is  converted  into  the  carbonate 

by  ignitiitm  The  heat  must  be  very  gradually  increased,  and  the  cnicible 
kept  whII  covei-ed.  If  in  aqueous  solution,  it  is  evaporated  to  dryness, 
in  a  capacious  silver  or  platinum  dLsh,  and  the  residue  ignited. 

Baits  of  soda  with  organic  acids  are  converted  into  the  carbonate  by 
ignition  in  a  covered  platinum  cnicible,  from  which  the  lid  is  removed 
after  a  time.  The  heat  must  be  increased  very  gradually.  When  tho 
mass  has  ceased  to  swell,  the  crucible  is  placed  obliquely,  with  the  lid 
Iratiing  against  it  (see  §  52,  tig.  42),  and  a  dull  red  heat  applied  until 
the  caarboQ  ia  consumed  as  fai*  as  practicable.  The  contents  of  the  cruci- 
lile  are  then  warmed  with  water,  and  the  fluid  is  6Hered  off  from  the 
roftlduary  carbou,  which  is  carefully  waslied.  The  filtrate  and  rinsings 
are  evaporat-ed  to  dryness  with  the  addition  of  a  little  carl)onate  of 
ftrnmoiiiii*  and  the  residue  is  ignited  and  weighed.  The  carbonate  of 
ammcmia  is  added,  to  convert  any  caustic  soda  that  may  have  been 
farmed  into  carbonate.  The  method,  if  carefully  conducted,  gives  accu- 
ral*^ results ;  however,  a  small  loss  of  soda  on  carbonization  is  not  to  be 
avoided. 

Nifjmto  of  soda,  or  chloride  of  sodium,  may  be  converted  into  car- 
tioBAtc*.  hy  adiling  to  their  aqueous  solution  perfectly  pure  oxalic  acid  in 
mod«i  ,  and  evaporating  several  times  to  dryness,  with  repeated 

rt^ne*  a  -     water.     All  the  nitric  acid  of  the  nitrate  of  soda  escapes 

ta  Ihia  process,  (partly  decomposed,  partly  undecomyioaed) ;  A»d  equally 
10  all  ih^  hydrochloric  acid  in  the  case  of  chloride  of  sodium.  U  the 
n)«idue  iJi  now  ignited  untU  the  excess  of  oxalic  acid  is  removed,  car- 
boDate  of  soda  is  left. 
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§99 
3.   Ammonia. 

a.  Solvation, 

Ammonia  is  soluble  in  water,  as  are  all  its  salts  with  those  adds 
which  claim  our  attention  here.  It  is  not  always  necessary,  however, 
to  dissolve  the  ammoniacal  salts  for  the  purpose  of  determining  the 
amount  of  ammonia  contained  in  them. 

h,  J)etermination, 

Ammonia  is  weighed,  as  stated  §  70,  either  in  the  form  of  chloride 
of  ammonium^  or  in  that  of  bicJUorids  of  plaHnum  and  chloride  of 
ammonium.  Into  these  forms  it  may  be  converted  either  directly  or 
indirectly/  (i.e.,  after  expulsion  as  ammonia,  and  re-combination  with 
an  acid).  Ammonia  is  also  frequently  determined  by  volumetric  an- 
alysis, and  its  quantity  is  sometimes  inferred,  from  the  volume  of  ni- 
trogen. 

We  convert  directly  into 

1.  Chloride  of  Ammonium. 

Ammoniacal  gas  and  its  aqueous  solution,  and  also  ammoniacal  salts 
with  weak  volatile  acids  (carbonate  of  ammonia,  sulphide  of  ammonium, 
Ac). 

2.  Bichloride  of  Platinum  and  Chloride  of  Ammonium. 

Ammoniacal  salts  with  acids  soluble  in  alcohol,  such  as  sulphate  of 
ammonia,  phosphate  of  ammonia,  &:c. 

3.  The  methods  based  on  the  expulsion  of  the  ammonia  from  its 
compounds,  and  also  that  of  inferring  the  amount  of  ammonia  from  the 
volume  of  nitrogen  eliminated  in  the  dry  way,  are  equally  apj^licable  to 
all  ammoniacal  salts. 

The  expulsion  of  anmionia  in  the  dry  way,  (by  ignition  with  soda- 
lime,)  and  the  estimation  of  that  alkali  from  the  volume  of  nitrogen 
eliminated  in  the  dry  way,  being  effected  in  the  same  manner  as  the  es- 
timation of  the  nitrogen  in  organic  compounds,  I  refer  the  student  to 
the  Section  on  organic  analysis.  Here  I  shall  only  give  the  methods 
based  upon  the  expulsion  of  ammonia  and  of  nitrogen  in  the  wet  way. 
For  the  alkalimetric  estimation  of  free  ammonia,  see  §§  207  and  208. 

1.  Determination  as  Chloride  of  Ammonium, 

Evaporate  the  aqueous  solution  of  the  chloride  of  ammonium  on  the 
water-bath,  and  diy  the  residue  at  100°  until  the  weight  i*emains  con- 
stant (§  42).  The  results  are  accurate.  The  volatilization  of  the  chlo- 
ride is  very  trilling.  A  direct  experiment  gave  99*94  instead  of  100. 
(See  Expt.  15.)  Tlie  presence  of  free  hydrochloric  acid  makes  no 
difference ;  the  convei-sion  of  caustic  ammonia  into  chloride  of  ammo- 
nium may  accordingly  be  effected  by  supersaturating  with  hydrochloric 
acid.  The  same  applies  to  the  conversion  of  the  carbonate,  with  this 
addition  only,  that  the  process  of  supersaturation  must  be  conducted  in 
an  obliquely-placed  flask,  and  the  mixture  heated  in  the  same,  till  the 
carbonic  acid  is  driven  off.  In  the  analysis  of  sulphide  of  ammonium 
we  proceed  in  the  same  way,  taking  care  simply,  after  the  expulsion  of 
the  sulphuretted  hydrogen,  and  before  proceeding  to  evaporate,  to  filter 
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off  the  mlphur  which  may  have  separated.  Instead  of  weighing  tlie 
di]ofiii«  of  ammotiiiiiiL,  its  quantity  may  be  inferred  by  the  detemii* 
m^on  of  ita  chlorizte  according  to  §  141,  b*     (Comp.  chloride  of  pota^- 

2L  J^eiermimUion  as  SuMoridB  of  I^kuinum  and  Chloride  ofAn^ 


flL  AjiiiDOiiia43al  salts  with  yolntile  acids. 

Sftme  naeihod  as  described  in  §  97,  6,  4,  at  (bichloride  of  platinum 
•Bid  oiiloiidie  of  potaBsinm). 

(1  Amnioniacal  salts  with  non<voIatile  adds. 

8ttiiie  method  as  described  §  97,  &,  4,  /I  (bicldoride  of  platinnm  and 
f blonde  of  potassium).  The  results  obtained  by  these  methods  are  ao- 
cm-atG. 

K  you  wish  to  control  the  results^^  igmt<e  the  double  chloride,  wrap* 
ped  up  in  the  filter,  in  a  covered  crucible^  and  calculate  the  amount  of 
usunonia  &om  that  of  the  residuary  platinum.  The  results  must  agree. 
The  heat  must  be  increased  very  gradually.f  Want  of  due  caution  in 
this  lespect  is  apt  to  lead  to  loss,  from  particles  of  the  double  salt 
being  carried  away  with  the  chloride  of  ammonium.  Very  small 
^oanlities  of  bichloride  of  platinum  and  chloride  of  ammonium  are 
cdkseted  on  an  un weighed  filter,  dried,  and  at  once  reduced  to  platinum 
bf  %mtiott.| 

3.  M^HmMUyem  hy  Mxpul^ian  of  the  Ammonia  in  the  Wet  TFay. 
Dds  metliod,  which  is  applicable  in  idl  cases,  may  be  effected  in  two 
fiflbrent  ways — viz., 

0.  ExPtTLSIOH  OF  THE  AmMOSOA   BY  DI8TILLATI0K  WITH   SOLUTIOK  OF 

PoTAssA,  or  Soda,  or  with  Milk  of  Lime. —Applicable  in  all  cases 
wh«re  no  nitrogenous  organic  matters  from  which  ammonia  might  be 
fTolred  upon  boiling  with  solution  of  potassa,  etc.^  are  present  with  the 
■nuLonia  salts. 

Weigh  the  substance  under  examination  in  a  small  glass  tube,  3  cen- 
tunftres  long  and  one  wide,  and  put  the  tube,  with  the  substance  in  it, 
into  a  flask  containing  a  suitable  quantity  of  moderately  concentrated 
ioiixtioii  of  potassa  or  soda,  or  milk  of  lime,  from  which  every  trace  of 
nsflioma  has  been  removed  by  protracted  ebullition,  but  which  has 
hmx  allowed  to  get  thoroughly  cold  again ;  place  the  flask  in  a  slanting 
portion  on  wire-gauze,  and  immediately  connect  it  by  means  of  a  glass 
tube  bent  at  an  obtuse  angle,  with  the  glass  tube  of  a  small  cooling  ap- 
P*— ^«^«  Connect  the  lower  entl  of  this  tube,  by  means  of  a  tight-fit- 
tiag  perforated  cork,  with  a  sufficiently  large  tubulated  receiver  which 
If  in  lis  turn  connected  with  a  U  tube  by  means  of  a  bent  tube  passing 
liinragh  its  tubulure. 

,p9  If  tlie  bichloride  of  platinum  and  cUonde  of  ammonium  is  pure,  which 

Imows  bj  its  color  imd  general  appearance^  this  control  maj  be  dis' 

IwitlL 

)Tht  best  way  is  to  oon^ue  the  application  of   a  moderate  beat  for  a 

tune,  then  to  remove  the  Hd,  place  the  crucible  obliquely,  with  the  lid 

i^minat  it,  and  bum  the  charred  filter  at  a  graduuilj^  increased  beat  (H. 


A 
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If  jou  wkh  to  deUrmine  vcluvMtrif^y  ike  quantlh/  of  ammonia 
peUed,  introduce  the  larger  ix>rtion  of  a  measured  quantity  of 
Bolution  of  siilfihuiic  or  of  nitric  acid  (§  204)>  into  the  receiver,  tke  i 
mainiier  into  the  U  tube;  add   to  the  portion  of  fluid  in  the  latter  ( 
little  wat^r,  and  color  the  liquids  in  the  receiver  and  U  tube  red  with  ' 
or  2  c.  c,  of  tincture  of  litmus.     Tlte  cooling  tub©  mu.st  not  dip  iai 
the  fluid  in  the  receiver ;  the  fluid  in  the  IJ  tube  must  completely  J^ 
the  lower  part,  but  it  must  not  riHe  high,  as  otherwise  the  passage  < 
air  bubbles  might  easily  occasion  loss  by  spirting.     The  quantity  of  i 
used  muHt  of  course  be  more  than  sufficient  to  fix  the  whole  of  the  ; 
monia  ex|>elled. 

When  the  apparatus  is  fiilly  arranged ,  and  you  have  ascertained 
all  the  joints  are  perfectly  tight,  heat  the  contents  of  the  flask  to  genii 
ebullition,  and  continue  the  application  of  the  8am e  degree  of  heat  nnti 
the  drops,  as  they  fill  I  into  the  receiver,  have  for  some  time  altogeth^ 
ceased  to  impai-t  the  least  tint  of  blue  to  the  porti6n  of  the  fluid  vrifc 
which  they  first  come  in  contact.  Loosen  the  cork  of  the  flaftk,  allow 
Btand  half  an  hour,  pour  the  contents  of  the  receiver  and  TJ  tube  into! 
beaker,  rinsing  out  with  small  quantities  of  water,  determine  fitialf 
with  a  standard  solution  of  soda  the  quantity  of  at*id  atiH  free,  'whic 
by  simple  subtraction,  vnll  give  the  amount  of  acid  which  lias  combine 
with  the  ammonia  ;  and  from  this  you  may  now  calculate  the  amount  < 
the  latter  (§  204).     Results  accurate.* 

If  J  on  wish  to  determins  by  the  gravxTnetric  metftod  the  quantity 
aminonia  expdkd^  receive  the  ammonia  evolved  in  a  quantity  of  hyd 
chloric  acid  more  than  sufficient  to  fix  the  whole  of  it,  and  deter 
the  chloride  of  ammonium  formed,  either  bj  simple  evaf»oration,  after 
the  directions  of  1,  or  as  ammo nio-bichlo ride  of  platinum,  after  the 
directions  of  2. 

6.  Expulsion  of  the  Ammokia  by  Milk  op  Lime,  without  Applica- 
tion OF  Heat*- — ^This  method,  recotumendt^d  by  Schlosino,  is  based  upon 
the  fact  that  an  a^^ueous  solution  cor*taimDg  free  ammonia  ^ves  ofiT  the 
latter  completely,  and  in  a  comparatively  short  time,  when  exposed  in 
a  shallow  vessel  to  the  air,  at  the  common  temperatui'e.  It  finds  appli- 
cation in  cases  whei'e  the  presence  of  organic  nitrogenous  snbstance-s, 
decouiposable  by  boiling  alkalies,  forbids  the  use  of  the  method  described 
in  3,  a ;  thus,  for  instance,  in  the  estimation  of  the  ammonia  in  urine, 
manures,  ttc. 

The  fluid  containing  the  ammonia,  the  volume  of  which  must  not 
exceed  35  c,  c,  is  iutrotlueed  into  a  shallow  flat-bottomed  vessel  from  10 
to  12  centimetres  in  diameter  j  this  vessel  is  put  on  a  plate  filled  with 
mercviry.  A  tripod,  made  of  a  massive  glass  rod,  is  placed  in  the  vessel 
wliich  contains  the  solution  of  the  ammoniacal  salt,  and  a  saucer  or 
shallow  dish  with  10  c,  c.  of  the  normal  solution  of  oxalic  or  sulphuric 
acid  (§  204)  i>ut  on  it.  A  beaker  is  now  inverted  over  the  whole.  The 
beaker  is  lifti^d  up  on  otie  side  as  far  as  is  required,  £md  a  sufficient 
quantity  of  milk  of  lime  adiiinl  by  means  of  a  pipette  (which  should  not 
}>e  drawn  out  at  the  lower  end).  The  beaker  is  then  rapidly  pressed 
down,  and  weighted  with  a  stone  slab,  Aft«r  forty-eight  hours  the  glass 
is  lifted  up,  and  a  slip  of  moist  I'eddened  litmus  paper  placed  in  it ;  if 

•  [In  thus  eatimating'  minute  quantities  of  ammonia,  the  cxmdenaiuff  tube 
must  be  of  tin,  smce  gJaas  yields  a  sensible  amount  of  alkali  to  hot  water  vapor,] 


tto  ihMJtge  of  color  is  obserrahle,  this  is  a  sign  that  the  expulsion  of  the 
immoDia  in  complete ;  in  tbe  contrary  caae,  the  glaaa  mimt  be  repliicecL 
Iiist<*JMl  of  the  beaker  and  pUte  with  mercaiy,  a  bell-jar,  with  a  ground 
I  gira^ed  rim,  placed  air-tight  on  a  level  glass  plate,  may  be  uaed.    A 
!-jar,  having  at  the  top  a  tubular  opening,  furnished  with  a  eloee- 
iag  glafis  stopper,  answers  the  purpose  best,  as  it  permits  the  intro- 
^•^OD  of  a  alip  of  red  Utmua  paper  Huspeiided  from  a  thread;  thus 
toAbltng  the  operator  to  see  whether  the  combination  of  the  ammonia 
with  the  actd  is  completed,  without  the  necessity  of  removing  the  bell- 
jar.     According  to  Bt^UisiMi,  forty-eight  hours  are  always  sufficient  to 
expel  0*1    to    1   gramme  of  ammonia   from  25   to  35  c.  c.  of  solution- 
However,  I  can  admit  this  Btatemeut  only  as  regards  quantities  up  to 
03  pin. ;  quantities  above  this  often  require  a  longer  time.     I,  there- 
fore, always  prefer  operating  with  quantities  of  subatanoe  containing  no 
more  than  0*3  grm.  ammonia  at  the  rnost^ 

When  all  the  ammonia  has  been  expelleii,  s^d  has  entered  into  com- 
bination with  the  acid,  the  quantity  of  acid  left  free  is  determined  by 
means  of  standard  solution  of  soda,  and  the  amount  of  the  ammonia 
cslculated  from  the  result  (g  204). 

4.  E^iimntian  ht/  J^j-pideiofi  of  the  ITiirQ- 
pm  Ml  the  Wet  Wai/, 

A  process  for  determining  ammonia  by 
tiea&a  of  the  azot^imeter  has  been  given  by  W, 
Ksop.*  It  dejjencLs  on  the  separation  of  the 
nitrogen  by  a  bromized  and  strongly  alkaline 
*:i1uiirin  <'f  Iiypochlorite  of  8oda.f 

[Thf^  sijiijilt'st  azotometer  ia  that  described 

br  KrifPF.I     Jt  consists  of  a  burette  of  50  or 

l*^^*  (\  c.  Htationed  in  a  glass  cylinder  nearly 

ith  mercury,  and  connected  by  a  stout 

•>uc  tube  with  a  small  bottle,  a,  fig.  46, 

ih  is  fitted  a  soft  thrice-perforated  ca- 

!jt?  stopper.     The  stopper  carries  a  ther* 

aomrter  and   two   short  glass  tulies,  one    of 

»tich  joins  it  to  the  burette,  and  the  other 

hu  attached  a  short  bit  of  caoutchouc  tubing 

iiid  a  pinch-cock,  e.   The  weighed  ammonia  salt 

{M  more  than  U'4  grm.)  is  placed  in  the  tube, 

ff  with   10  c,  c.  of  water,  and  50-  c.  c,  of  the 

WoQiized    hT|)Ochlorite    solution   are    brought 

into  the  bottle,  a.    The  cock,  e,  being  open,  tb. 

itopper  ia  firmly  fixed  in  its  place,  and   tin 

hwrette  is  depres.sed  in  the  mercury  until  its 

uppermost  degree  exactly  coincides  with  the 

mr&ce  of  the  met^.     The  cock  is  then  closed. 


Fig.  4§. 


•  Chem.  Ccntxalbl  I960,  UL 

fThta  is  prepared  as  follows: — Bisnolve  1  part  of  carbonate  of  soda  in  K)  parts 
of  water,  cool  the  fluid  with  ice,  naburate  perfectly  with  chlorine,  keeping-  oold 
■U  tbe  while*  and  add  strong  Aoda  noliitLon  lof  !^  per  cent/)  tiU  the  mi^cture  on 
nVhil^  between  the  fingers  makes  the  skin  Hlippeiy.  Before  using,  add  to  the 
faanfitty  required  for  the  series  of  experiments  bromine  in  the  propoition  of  2-3 
fniL  to  the  litre,  and  shake. 

tF^«LZeit.,TI.  398. 
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•  Im^HI*>  u  inclined  to  bring  the  two  substances  in  contact.  The 
•^peeililj  decomposed.  When  no  further  evolution  of  gas 
burette  is  so  adjusted  that  the  level  of  the  mercury 
»th*l  within  it  shall  nearly  coincide,  and  the  operator  waits 
ainntes,  or  until  the  thermometer  in  a  indicates  the  eame  tern- 
uA  the  surrounding  air.  Then  the  adjustment  of  tlie  burette  to 
lincidence  of  the  mercury  level,  within  and  without,  is  effected, 
[  tho  volume  of  the  gas  is  read  off.  The  stand  of  the  thermometer 
i  biiTometer  are  also  noted,  and  the  recorded  volume  of  nitrogen  is 
cied  by  use  of  the  tables  on  pp,  160  and  162-163,  by  Dietrich  : 
b©  first  table  gives  a  correction  for  the  nitrogen  which  is  absorbed 
by  the  tjO  c^  c.  of  liquid  in  the  bottle  a.  The  amount  varies  with  the 
relative  volumes  of  air  and  nitrogen,  and  m  dett?rmined  em|iirically  by 
decompoitiiig  knos^n  qttautities  of  ammonia  and  notiug  the  dilt'ereuce 
between  the  obtained  and  the  theoretical  volume  of  nitrogen.  TUt*  cor- 
i^ction  holds  strictly,  of  course,  only  for  a  solution  of  such  strength  as 
that  employed  by  Dletrich  and  at  the  mean  temperatures. 

The  second  table  serves  to  spare  the  hibor  of  calculation.  The  weight 
of  1  e.  c.  of  nitrogen,  measured  e.  g.  at  754  mm.  of  barometer  and  15°  C, 
is  found  at  the  intersection  of  the  vertical  column  754  with  the  hori- 
zontal column  la*',  is,  viz.,  M6187. 

To  the  observed  volume  of  nitrogen  add  the  amoiiDt  absorbed  as  per 
Table  I.,  and  correct  the  ttital  by  Table  II,  It  scarcely  requires  to  he 
mentioned  that  good  results  can  only  be  obtained  in  an  apartment 
wlifire  the  temperature  is  uniform,  and  when  care  is  exercised  to  avoid 
urmnz&ing  the  apparatus  in  handling.     See  I>1£TBICU^s  papers** 


§  100. 

Supplement  to  the  Jf^st  Group, 

LITHIiL 


In  t^ie  absence  of  other  bases,  lithia  may,  like  potassa  and  soda,  be 
oonverted  into  anhydrous  sulphate,  and  weighed  in  that  form 
(LiO,  BOj).  As  lithia  forms  no  acid  milphate,  the  excess  of  sulphuric 
■idd  may  be  readily  i*emoved  by  sinqtle  igjution.  Carbonate  of  lithia 
also,  which  Ls  difficultly  soluble  in  water,  and  fuses  at  a  red  heat  without 
BurtVring  decom[>osition,  is  well  suited  for  weighing ;  whilst  chloride  of 
Utbium*  wliich  deliquesces  in  the  air,  and  is  by  ignition  in  moist  air 
convertiiMl  into  hydrochloric  acid  and  lithia,  is  unfit  for  the  estimation 
of  lithia- 

In  presence  of  other  alkalies^  lithia  is  be«t  converted  into  basic  phob- 
rfiATE  uF  LITHIA  (3  li  O,  P  0^),  and  weighed  in  that  form.  This  is 
i^ectod  by  the  following  proces,s :  add  to  the  solution  a  fiufficient  quan- 
tity of  phosphate  of  soda  (which  mu^t  be  pei'fectly  free  from  phosphates 
ol  the  alkaline  earths),  and  enough  soda  to  keep  the  reaction  alkaline, 
•nd  avMporuie  the  mixture  to  diyness;  pour  water  over  the  residue,  in 
wsfficie&t  quantity  to  diasolve  the  soluble  salts  with  the  aid  of  a  gentle 


•  Frew.  Zdi  nX  162.  ;  IV.  Ul,  and  V.  SO. 
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CUBIC  CENTIMETRE  OF  NITKOGEK 

of  Mmvury^  and  for  Tffmperaiures  from  10"^  to  26°  (7, 
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[§  101. 


heat,  add  an  equal  Toluine  of  solution  of  ammonia,  digest  at  a  gentlo 
heat,  filter  after  twelve  hourSj  and  wash  the  precipitate  mth  a  mixture 
of  et|ual  volumes  of  water  and  Bolntion  of  ammonia.  Evaporate  the 
filtrate  and  first  washings  to  dryness,  and  treat  the  residue  in  the  same 
way  as  before.  If  some  more  phosphate  of  lithia  is  thereby  obtained, 
add  thin  to  the  principal  quantity.  The  process  gives^  on  an  averageti 
9y-fil  for  100  pai'ts  of  lithia. 

If  the  quantity  of  Ethia  present  is  relatively  very  Bmall,  the  larger  por- 
tion of  the  potaftsa  or  soda  compounds  should  first  be  removed  by  addi- 
tion  of  absolute  alcohol  to  the  most  highly  concentrated  solution  of 
the  salts  (chlorides,  bromide^s*  iodides,  or  nitrates,  hut  not  suljihates)  ; 
since  this,  by  lessening  the  amount  of  water  required  to  effect  the  sepaiiir 
tion  of  the  phosphate  of  lithia  from  the  soluble  salts,  will  prevent  loss  of 
lithia  (W.  Mayer*), 

The  precipitated  basic  phosphate  of  Hthia  has  the  formula  3  Li  O,  ^^ 
P  O5  4-  aq.  It  dissolves  in  2539  parts  of  pure,  and  3920  parts  of  ammo-^^^l 
niated  water ;  at  100°,  it  completely  loses  its  water;  if  piu*e,  it  does  not^^l 
cake  at  a  moderate  red  heat  (Mayj:r). 

The  objections  raised  by  Rah  m  els  BERG  f  to  ^Iayeh*s  method  of  estimar 
tiiig  lithia  I  find  to  be  ungrounded.  According  to  my  own  experience, 
it  apfiears  that  the  filtrate  and  wash- water  must  be  evaporated  in  a  plati- 
num dish  not  only  once,  but  at  least  twice — in  fact,  till  a  residue  ia 
obtained  which  is  completely  soluble  in  dilute  ammonia.  Phosphate  of 
lithia  may  be  dried  at  100"^,  or  igidted  according  to  §  53,  before  being 
weighed.  In  the  latter  case,  care  must  be  taken  to  fi^ee  the  filter  as  much 
as  posHible  from  the  precipitate  before  proceeding  to  incinerate  it.  l  have 
thus  obtained,  |  instead  of  100  parts  carbonate  of  lithia,  by  diying  at 
100°,  99'84,  99*89,  100'41,— by  igniting  99'66  and  100-05.  The  phos- 
phate of  lithia  obtained  was  free  from  soda. 


SECOtO)    GROtJP. 
BARYTA — STRONTI  A— LI  StE — ^MAONBSIA, 

§  lOL 
1.  Baryta. 

€h    ASolutioTt, 

Caustic  baryta  is  soluble  in  water,  as  are  many  of  the  salts  of  this  alka- 
line earth.  The  salts  of  baryta  which  are  insoluble  in  water  are,  with  al- 
most the  single  exception  of  the  sulphate,  readily  dissolved  by  dilute 
hydrochloric  acid.  The  solution  of  the  sulphate  la  eflfected  bj  fusion  with 
carbonate  of  soda,  (tc.     (See  §  132.} 

h.  Deiermination, 

Baryta  is  weighed  either  as  mdplmie  or  as  carbtmaley  rarely  (in  the  sepiir 


■  Aanal.  derChem.  u,  Pbami.  98, 103,  where  Mayer  baa  ako  d em onatrated  tho 
non-esdBrenoe  of  a  phoRphaie  of  Hoda  and  lithia  of  fixed  oomposition  (BerzeliuJi) , 
or  of  varyinpr  eompofiition  (Rammelaberg). 

f  Po^.  Annal.  102,  443. 

;  Zeitschr,  t  Aaalyt.  Chem.  1,43. 
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ration  from  strontia)  as  iUi&hfiuoride  of  harvum,  (§  71).      Baryta  m  the 
pure  stAte,  or  in  form  of  carbonate,  may  also  be  determined  by  the  vola- 
metric  (alkaUmetric)  metbod.     Comp.  §  210. 
We  may  convert  into 


L  StTLPHATE  OF  Baryta, 


o.  JPy  PrecipUoHtm, 

AM  compounds  of  baryta  without 
Koeption* 


6.  Hy  Evaporation, 

All  compounds  of  baryta  with 
volatile  acids,  if  no  other  non- vola- 
tile body  is  present. 


2.  Carbonate  of  Baryta. 

a.  All  salts  of  baryta  soluble  in  water. 
ft.  Salts  of  baryta  with  organic  acida. 
Baryta  is  both  j»recipitated  and  weighed,  by  far  the  most  frequently  aa 
sulphate,  the  more  &o  as  this  La  the  form  in  which  it  is  most  conveniently 
separated  from  other  bases.  The  dekrrminatiou  by  means  of  evaporatitm 
(1,  h)  is,  in  cases  where  it  can  h^  applied,  and  where  we  are  not  obliged  to 
^^ysporate  lai^  quantities  of  fluid,  very  exact  and  convenient.  Baryta  is 
srmined  as  carbonate  in  the  wet  way,  when  from  any  reason  it  is  not 
Bible  or  not  desirable  to  })recipitate  it  as  sulphate.  If  a  fluid  or  diy 
substance  contains  bodies  which  impede  the  precipitation  of  the  barj'ta  aa 
sulphate  or  carbonate  (alkaline  citrates,  metaphoaphoric  acid,  see  §  71^ 
m  and  h)^  such  tiodies  must  of  course  be  got  rid  of,  before  proceeding  to 
r|»recipittttion. 

I.  Detemiination  as  Sulphate  of  Baryta, 
a,  Hy  Ptedpitation^ 

Heat  the  moderately  dilute  solution  of  barytii,  which  must  not  contain 
too  much  free  acid  (and  muut,  therefore,  if  necessary,  first  be  ^vii^ed  there- 
from by  evaporation  or  addition  of  carbonate  of  soda),  in  a  ]datinum  or 
porcelain  dish,  or  in  a  glass  vessel,  to  incipient  ebullition,  add  dilute  sul- 
phuric acid,  as  long  as  a  precipitate  forms,  keep  the  mLxture  for  some  time 
at  a  temperature  very  near  the  boiling  point,  and  allow  the  precipitate  a 
few  minutes  to  subside  ;  decant  the  alinobt  clear  supernaiuiit  fluid  on  a 
filter,  boil  the  precipitate  three  or  four  time^  with  water,  then  transfer  it 
to  the  filter,  and  wash  with  boiling  water,  until  the  filtrate  h*  no  longer 
rendered  turbid  by  chloride  of  barium.  Dry  the  precipitate,  and  treat  it 
^  as  directed  in  §  53.  If  the  precipitate  has  been  properly  washed  in  the 
manner  here  directed,  it  is  perfectly  pure,  and  gives  up  no  chloride  of 
I  barium  to  acetic  acid,  even  if  boiling,  nor  any  apiireciable  trace  of  it  to 
boiling  nitric  acid,  though  the  solution  had  contained  that  salt.* 

h.  By  EpaporatiofK 
Add  to  the  solution,  in  a  weighed  platinum  dish,  pure  sulphuric  acid 


*  I  mentton  this  in  reference  to  Siegle's  statement  in  the  Journal  f.  prakt. 
Chem.  (J0»  142,  that  acetic  acid  and  nitjic  acid  will  atill  extract  small  quantitiQa 
of  chloride  of  barium  from  aulphat©  of  baryta,  formed  ia  presence  of  an  exoen 
of  iulphurio  acid,  and  thoroughly  washed  with  water. 
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very  aligliily  in  excess,  and  evaporate  on  the  wateir-bath  ;  expel  the  i 

of  sulphuric  acid  by  caiitious  application  of  heat,  and  ignite  the  residueb 

For  the  properties  of  sulphate  of  baryta,  see  §  71- 

Both  methoda,  if  properly  and  cai'efully  executed,  give  almost  absolutely 
accurate  results. 

2,  I^eterminatum  tu  CarhoficUe  of  J^arytct, 
a<  In  Solutians. 

Mix  the  moderately  dilute  solution  of  the  baryta  salt  in  a  beaker 
with  ammonia,  add  carbonate  of  ammonia  in  slight  excess,  and  let 
the  mixture  stand  sevei'al  hours  in  a  warm  place.  Filter,  wash  the 
precipitate  with  water  mixed  with  a  little  ammonia,  dry^,  and  ignite 

For  the  i>roiJerties  of  the  precipitat-e,  see  §  71.  Tliis  method  io-J 
volves  a  trifling  loss  of  Hiibatance,  as  the  carbonate  of  baryta  is  not  ab- ] 
Bolutely  insoluble  in  water.  The  direct  experiment,  No*  G2,  gave  99*79  ^ 
insteafi  of  100. 

If  the  solution  contains  a  notable  quantity  of  ammoniacal  salts,  the 
loss  incurred  is  much  more  considerable,  since  the  presence  of  such  salta 
greatly  increases  the  solubility  of  the  carbonate  of  baryta. 

b.  In  S^{^  of  Baryta  with  Organic  AddM, 

Heat  the  salt  slowly  iu  a  covererl  platinum  crucible,  until  no  more 
fumes  are  evolved ;  place  the  eiTicible  obliquely,  with  the  lid  leaning 
against  it,  and  ignite,  until  the  whole  of  the  carbon  is  consiuned,  and 
the  residue  presents  a  perfectly  white  apimarance  :  moisten  the  remdue 
wiih  a  concentrated  sohitiou  of  carbonate  of  ammonia,  evaporate,  ignite 
gently,  and  weigh.  The  results  obtained  by  this  method  are  quite 
satisiaotory,  A  tlirect  experiment,  No^  63,  gave  99*61  instead  of  lOlJ.  * 
Tlie  loss  of  ttubst^s^ice  which  almost  invariably  attends  this  method  is 
owing  to  particles  of  the  salt  being  carried  away  with  the  fumes 
evolved  upon  ignition,  and  is  accordingly  the  less  considerable,  the 
more  slowly  and  gradually  the  heat  is  increased.  Omission  of  the 
moistening  of  the  residue  with  carbonate  of  ammonia  would  involve  a 
further  loss  of  substance,  as  the  ignition  of  carbonate  of  baryta  in  con- 
tfict  with  carbon  is  attended  with  formation  of  some  caustic  baryta,  car- 
bonic oxide  gas  being  evolved. 


§102, 

2.  Strontia* 

a,  8olv4um, 
See  the  preceding  paragraph   (g    101,  a.^ — Solution  of  baryta), 

directions  there  given  applying  equally  here. 

b,  DeiermiTioUoiu 
Strontia  is  weighed  either  as  mdpkaie  or  as  carbofuUe  of   t$r€niia\ 

(§  72).     Strontia  in  the  pui-e  state,  or  in  form  of  carbonate,  mmy  be  d#*i 

termined  also  by  the  volumetric  (alkalimetric)  method.     Comp.  §  210, 
Wo  may  convert  into 


i  m: 


emtoirriA. 


I.  Sulphate  of  Stroktia. 

a,  3y  Predpitatian, 
All  compounds  of  Btrontla  without  exception. 

h.  Sy  MvaportUion, 
AH  aalte  of  strontia  with  yoktile  acids,  if  no  other  non-Tolatlle  bodf 
iapreaonL 


2,  Cakbonate  of  Strontia, 

o.  All  compounds  of  strontia  soluble  in  water. 

3.  8a1U  cif  strontia  with  organic  acids. 

'T\i^  Titethud  Ijased  on  the  precipitaticm  of  strontia  with  sulphuric 
9n  accurate  results  only  in  causes  where  the  fluid  from  which  tho 

*'  s  to  be  precipitated  may  be  mixed,  without  injuiy,  with  aloo- 

boi.  Where  thin  cannot  be  don^,  and  where  tlie  mt*thod  based  on  the 
evaporation  of  the  solution  of  strontia  with  sulphuric  iwdd  is  e^ipially 
ina[»plic«ible,  the  conversion  into  the  carbonate  ought  to  he  resorted  to 
in  preference,  if  admissible.  As  in  the  case  of  baryta,  so  hei-e,  we  have 
Jlo  be  on  our  guard  against  the  presence  of  substances  which  would  im- 
pede precipitation, 

L  J}ctermination  as  SidpfMte  of  SCrcntla^ 

a.  J?y  PTecipiialion, 

Mix   the  solution  of    the   salt  of  strontia   (which  must  not  l>o  too 

dilute,  nor  contain  much  free  hydrochloric  or  nitric  acid)  with  dilute 

ilphuric  add  in  exce»^^  in  a  beaker^  and  add  at  least  an  equal  volume 

"ilf  alcohol ;  let  the  mixture  stand  twelve  hours,  and  filter ;  wash  the 

precipitate  with  dilute  spirit  of  wine,  Ary  and  ignite  (g  53). 

If  the  circumstanc*»s  of  the  case  prevent  the  use  of  alcohol,  the  fluid 
muE^-  be  precipitated  in  a  tolerably  concentiTited  state,  allowed  to  stand 
in  the  cold*  for  at  least  twtinty-ft>ur  hours,  filtered,  and  the  precijutate 
WAiiht'd  with  cold  water,  until  the  last  rinsings  manifest  no  longer  an 
reaction,  and  leave  no  percejitible  residue  upon  evaporation.  If 
of  firee  sulphuric  acid  remain  adhering  to  the  filter,  the  latter 
(amis  black  on  drying,  and  crumbles  to  pieces  ;  too  protracted  washing 
of  the  precipitate,  on  the  other  hand,  tends  to  increaiie  the  loss  of  sub- 
iitanoe. 

Care  must  he  taken  that  the  precipitate  be  thoroughly  dry,  beftjre 
pfooeeding  to  ignite  it ;  otherwise  it  wdll  be  opt  to  throw  off  fine  j jar- 
tides  during  the  latter  j)roces8,  Tlie  filter,  which  is  to  be  burnt  aj^art 
from  the  preci[)itat^,  must  be  as  clean  as  possible,  or  some  loss  of  sul)- 
stance  will  be  incurred ;  as  may  be  eleai*ly  seen  from  the  depth  of  the 
caimine  tint  of  the  flame  w^th  which  the  filter  bums  if  the  precipitato 
lias  not  been  properly  removed. 

For  the  properties  of   the  precipitate,  see  §  72.     When  alcohol  is 

liae<l  and  the  directions  given  are  pro[ierly  adhered  to,  the  results  are 

f«y  accurate ;  when  the  sulphate  of  strontia  ls  precipitated  from  nn 

solution,  on  the  contrary,  a  certain  amount  of  loss  is  uuavoid- 

flulphate  of  strontia  is  not  absolutely  insoluble  iu  water.     The 

Sfect  exi^riments.  No,  61,  gave  only  1>HI2  and  98*(t2  iDstead  of  1*)0, 

However,  the  error  may  bo  rectified,  by  calculating  the  amount  of  sul- 
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phate  of  strontia  diflsolved  in  the  filtrate  and  the  wash-water,  basiiig 
the  calculation  upon  the  known  degree  of  solubility  of  sulphate  of 
strontia  in  pure  and  acidified  water.  See  Expt.  No.  65,  which,  with 
this  correction,  gave  99*77  instead  of  100. 

h.  By  EvaporcUion, 
The  same  method  as  described  for  baryta,  §  101,  1,  h. 

2.  Determination  as  Carbonate  of  Strontia, 

a.  In  Solutions. 

The  same  method  as  described  §  101,  2,  a.  For  the  properties  of  the 
precipitate,  see  §  72.  The  method  gives  very  accurate  results,  as  car- 
bonate of  strontia  is  nearly  absolutely  insoluble  in  water  containing 
ammonia  and  carbonate  of  ammonia.  A  direct  experiment.  No.  66, 
gave  99*82  instead  of  100.  Presence  of  ammoniacal  salts  exercises 
here  a  less  adverse  influence  than  the  precipitation  of  carbonate  of 
baryta. 

5.  In  Salts  toith  Organic  Acids. 

The  same  method  as  described  §  101,  2,  6.  The  remarks  made  there, 
respecting  the  accuracy  of  the  results,  apply  equally  here. 


§  103. 

3.  Lime. 

a.  Solution. 

See  §  101,  a. — Solution  of  baryta.  Fluoride  of  calcium  is,  by  means 
of  sulphuric  acid,  converted  into  sulphate  of  lime,  and  the  latter  again, 
if  noc(*«sary,  decomposed  by  boiling  or  fusing  with  an  alkaline  carbon- 
ate (§  132).  [Sulphate  of  lime  dissolves  readily  in  moderately  dilute 
hydrochloric  acid.  It  is  much  less  soluble  in  strong  hydrochloric 
acid.] 

b.  Determination, 

Lime  is  weighed  either  as  suJphate,  or  as  carbonate  of  lime  (8  73).  It 
may  be  brought  into  the  first  form  by  evaporation,  or  by  precipitation ; 
into  the  latter,  by  precipitation  as  oxalate,  or  at  once  as  carbonate,  or  by 
ignition. 

Small  quantities  of  lime  are  also  occasionally  reduced  to  the  caustic 
state,  instead  of  being  eonverteil  into  carbonate.  lime  in  the  pure  state, 
or  in  form  of  carbonate,  may  be  determined  also  by  the  volumetric 
(alkalimetric)  method.     Comp.  §  210. 

We  may  convert  into 

1.  Sulphate  of  Ldoe. 
a.  7?y  Predjyitation. 

All  Ralt«  of  lime  with  nciils  soluble  in  alcohol,  provided  no  other  sub* 
stance  insoluble  in  alcohol  be  prest»nt. 
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&.  By  jE^vaporaiuyiu 
;  talia  of  Hme  with  yolatile  acidA,  provided  no  non-Tolatlle  body  be 

At 

2,  Carsokate  of  Lime. 

a,  Sy  .Precipitaium  wiih  Carbonats  of  Ammoma* 
All  aaltfi  of  lime  soluble  in  water. 


\ 


h.  My  Precipitation  wilfi  Oxalate  of  AmiTwnia, 

All  salts  of  lime  soluble  in  water  or  in  hjdrodiloric  acid  without 
eKoeption. 

^,  By  lyniUmK 
Salta  of  lime  with  organic  adds. 

Of  these  several  methods,  2,  b  (precipitation  with  oxalate  of  ammonia) 
is  the  one  most  frequently  resorted  to.  This,  and  the  method  1,  6,  give 
the  most  accurate  renultji.  The  method,  1,  a^  is  usually  resorted  to  only 
to  eSvd  the  separation  of  lime  from  other  bases ;  2,  a,  generally  only  to 
eSed  the  separation  of  limit  together  witli  other  alkaline  earths  from  the 
alkalies.  As  many  bodies  (alkaline  citrates,  and  metaphosphates)  inter- 
fere with  the  precipitation  of  lime  by  the  precipitants  given,  these,  if  pre- 
■enC^  must  be  first  removed. 

1.  ^Mmmmaiion  om  Sulphate  of  Liim, 

a.  By  Precipxtatuyn^ 

Mix  the  solution  of  lime  in  a  beaker ,  with  dilute  Bulphuric  acid  in 
rififs,  nnd  nrhl  tirii  n  the  volume  of  alcohol;  let  the  mixture  stand  twelve 
ho«!  ^'  ,  iind  l/tifrouffhly  wash  the  precipitate  with  spirit  of  wine,  dry, 
aii<i  riodenit<ily  (§  53),     For  the  properties  of  the  precipitate,  see 

1 73,     llii*  results  are  rery  accurate.    A  tlirect  experiment,  Ko.  67,  gave 
h'U  instead  of  100. 

h.  By  BhapoTotion, 
Hie  same  method  as  descnbed  g  101, 1,  5. 

2.  jy^iemUnaiion  oi  Carbonate  of  Xints, 

a.  By  Br^eipitaiion  mth  Ca/rbonaie  of  Ammcnia^ 

llie  same  method  ss  described  |  101,  2,  a.  The  precipitate  must  be 
exposed  only  to  a  very  gentle  red  heat,  but  this  ituist  bo  continued  tor 
eomri  time.     For  the  pn^perties  of  the  precipitate,  see  §  73. 

Tliis  method  gives  very  accurate  results,  the  loss  of  substance  incurred 
bsing  hardly  worth  mentioning. 

If  the  solution  cootains  chloride  of  ammonium  or  similar  ammoniacal 
aUts  in  confddemble  proportion,  the  loss  of  Bubstance  incurred  is  far 
grwiter.  The  same  is  the  case  if  the  precipitate  is  washed  with  pure  in- 
stead of  ammoniacal  water.  A  direct  expeiiment,  ^o»  68,  in  which  pure 
Wster  was  used,  gave  ^9*17  instead  of  100  parts  of  lime. 
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h.  By  I^ecipltcUum  with  Oxalate  of  Ammonia, 

a.  The  Ztime  Salt  U  $ohible  in  Water > 

To  the  liot  solution  in  a  beaker,  add  oxalate  of  ammonia  in  moderate 
excess,  and  then  ammonia  sufficient  to  impart  an  ammoniacal  smell  to 
the  fluid ;  cover  the  ghiSH,  and  let  it  stand  in  a  warm  place  tmtil  the 
precipitate  has  completely  subsided,  which  will  require  twelve  hours, 
at  least.     Pour  the  cle^ir  duid  gently  and  cautionsly,  bo  as  to  leave  the 
precipitate  undisturbed,  on  a  filter;  wash  the  precipitate  two  or  three 
times  by  decantation  with  hot  water;  lastly,  transfer  the  precipitate 
also  to  the  filter^  by  rinsing  with  hot  water,  taking  care,  before  the  tid- 
ditiou  of  a  fre^h  portion,  to  wait  until  the  fluid  has  completely  passed 
through  the  filter.     8mall  particles  of  the  precipitate,  adhering  fiiouly  to 
the  glass,  are  removed  with  a  feather.     If  this  fails  to  eflect  their  com- 
plete  removal,  they  should  be  dissolved  iai  a  few  drops  of  highly  dilute 
hydrochloric  acid,  ammonia  added  to  the  solution,  and  the  osjdate  ob- 
tained  added  to  the  first  precipitate.     Deviations  from  the  ndes  laid 
down  here   will  generally  give  rise  to   the  passing  of  a  turbid    fluid 
through  the  filter.     Afler  having  washed  the  precipitate,  dry  it  on  tim 
niter  in  the  fumiel,  and  ti-ansfer  the  dry  precipitate  to  a  platinum  cm- 
cible,  taking  care  to  remove  it  as  completely  as  possible  from  the  filter ; 
bum  the  filter  on  a  piece  of  platinum  wire,  letting  the  ash  drop  into  the 
hollow  of  the  lid  ;  put  the  latter,  now  inverted^  on  the  crucible,  so  that 
the  filter  ash  may  not  mix  with  the  precijjitate ;  he^t  at  first  very  gently, 
then  more  strongly,  until  the  bottom  of  the  cnicible   is  heated  to  very 
faint  redness,     Keep  it  at  that  temperature  from  ten  to  fifteen  minutes, 
removing  the  lid  from  time  to  time.    I  am  aceustomed  during  this  opersp 
tion  to  move  the  lamp  backwards  and  forwards  under  the  crucible  with 
the  hand,  since,  if  you  allow  it  t-o  stand,  the    heat  may  very  easily  gelt 
too  high.     Finally  allow  to  cool  in  the  desiccator  and  weigh.     After 
weighing,  moisten  the  contents  of  the  crucible,  which  must  be   |>erfectly 
white,  or  barely  show  the  least  tinge  of  gray,  with  a  little  water,  and 
test  this  after  a  time  with  a  miaiute  slip  of  turmeric  paper.     SboulJ  tlie 
paper  tmii  brown — a  sign  that  the  heat  applied  wba  too  Btrcing — rinse 
olf  the  Huid  adhering  to  the  pajier  with  a  little  water  into  the  crucible, 
throw  in  a  small  lump  of  pui*t?  carbonate  of  ammomA)  evaporate  to  dry- 
ness (hciit  in  the  water-bath),  heat  to  very  Mnt  redness,  and  weigh 
the  residue.     If  the  weight  has  incrt^ased,  repeat  the  same  operation  un- 
til the  weight  remains  conntant.     This  method  gives  nearly  absolutely 
accurate  results;  and  if  the  application  of  heat  is  properly    managed, 
there  is  no  need  of  the  tedious  evaporation  with  carbonate  of  ammcouA. 
A  direct  exi>eritnent.  No.  61),  gave  1)9-99  instead  of  100. 

For  tlie  proi>ei-tie8  of  the  precipitate  and  residue,  see  g  73. 

If  the  quantity  of  oxalate  of  lime  obtained  is  only  very  trifling,  I  pre* 
fer  to  convert  it  into  caustic  lime  or  into  the  sulphate.  To  etfect  the 
former,  the  oxalate  of  lime  is  heated  to  intense  redness,  in  a  small  plati- 
num crucible^  over  a  gas  blow-pipe  fiame  for  enme  time.  The  conver* 
aiou  of  the  oxalate  into  sulpliate  is  eflected  most  conveniently  by  SchkOt- 
TER^S  method,  viz,,  ignition  with  pure  sulphate  of  ammonia. 

Many  chemists  prefer  collecting  the  oxalate  of  lime  upon  a  weighed 
filter,  and  drying  at  100*='.  Thus  obtained  it  consists  of  2  Ca  O^  C.O^-f-2 
aq.     This  method,  beaides  being  more  tediotia,givefl  less  accurate  resulte 


71.)     They 

f  an  en  tiro 

I 'nder  certain 

ipitatc  the  limo 

Ail  lie  acid  or  qua- 

^  uf  oxalic  acid  in 


.  1 .     If  the  acid  combi  n  *f  d 

■ii.'>  operation  («./7.,  carbonic 

[•■•ration  (e.ff.^   siJicic  acid), 

i:n-ct<^  in  a.    But  if  tliff  a^-id 

.  ;'li')S[ihoric  acid),  pn>cec*d  hh  fol- 

iM«;xin8  to  form,  re-disHolve  thifl 

'•  i  o.xalate  of  ammonia  in  oxc^rsH,  and 

I  'oipitate  to  subside,  aiid  firow*'d  for 

'lii-t^cted  in  a.     In  this  pnxi^sH  thfr  fn-e 

^■•iiics  with  the  ammonia  and  H^^Kla  of  tlie 

:  .t  fdrrespondiug  quantity  of  oxalic  acid  and 

'ixalate  of  lime  ia  nearly  insoluble,     llie 

>.iilis.     A  direct  experiment,  No.  72,  gavfj 


iis  tlescribed  §  101,  2,  5  (baryta).     The  residue  re- 

>  i.trion  with  carbonate  of  ammonia  (which  ofK-ration 

-  jn'iform  twice)  must  be  ignited  very  gently.     Th*-, 

1  .;:  lUl,  2,  6,  in  reference  to  the  accuracy  of  the  reniiltn, 

•i'  re.     By  way  of  control,  the  carly>nate  of  lime  uiny  be 

r  I  tlie  caustic  state  or  into  sulphate  of  lime  (see  6,  o)^  or  it 

iiuined  alkali  metrically  (§210). 
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wliicli  are  infloluble  in  that  menstranm  diflaolve  in  hjdrodiloarie  add, 
with  the  exception  of  some  silicates  and  aluminatee. 

6.  DetermiruUion. 

Magnesia  is  weighed  (§  74)  either  as  mdphaie  or  9M  pyrophotphate^  or 
as  pure  magnesia.  In  the  pnre  state,  or  in  form  of  carbonate,  it  may  be 
determined  also  bj  the  alkalimetric  method  described  in  §  210. 

We  may  convert  into 

1.  Sulphate  OF  Magbesia. 

a.  Directly,  h.  Indireedy. 

All  compounds  of  magnesia  with        All  compounds  of  magnesia  so- 
volatile  acids,  provided  no  other  non-    luble  in  water,  and  also  iium   . 
volatile  substance  be  present.  which,  insoluble   in  that  men*  j 

struum,  dissolve  in  hjdrochloiie 
acid,  with  separation  of  their 
acid  (provided  no  ammoniacil 
salts  be  present). 

2.  Ptrophosphate  of  Maomesia. 
All  compounds  of  magnesia  without  exception. 
3.  Pure  Magnesia. 

a.  Salts  of  magnesia  with  organic  acids,  or  with  readily  volatile  in- 
organic oxygen  acids. 

b,  Cliloride  of  magnesium,  and  the  compounds  of  magnesia  converti* 
ble  into  that  salt. 

The  direct  determination  as  sulphate  of  magnesia  is  highly  recom* 
mended  in  all  cases  where  it  is  applicable.  The  indirect  conversion  into 
the  sulphate  serves  only  in  the  case  of  certain  separations,  and  is  hardly 
ever  had  recourse  to  where  it  can  possibly  be  avoided.  The  deter- 
nnnatii>u  as  pvrophosphate  is  most  generally  resorted  to ;  especially  also 
in  the  separation  of  magnesia  fi*om  other  bases.  The  method  based  on 
the  conversion  of  chloride  of  magnesium  into  pure  magnesia  is  usually 
rt»sorted  to  only  to  effect  the  separation  of  magnesia  from  the  fixed  alka- 
lies. Compounds  of  magnesia  with  phosphoric  acid  are  analyzed  ai 
§  134  diriHts. 

1.  J^etermituitioji  as  Sulphate  of  Magnesia, 

Add  to  the  solution  excess  of  pure  dilute  sulphuric  acid,  evaporate  to 
dryness,  in  a  woijjhed  platinum  dish,  on  the  water-bath ;  then  heat  at 
first  Ciuifiously,  aftorwanls,  with  the  cover  on  more  strongly — ^here  it  is 
advis;ible  to  pbu.»  the  lamp  so  that  the  flame  may  play  obliquely  on  the 
cv>ver  fi\>m  alH>ve — until  the  excess  of  sulphuric  acid  is  completely 
ox|H»llod  ;  lastly,  ignite  giMitly  over  the  lamp  for  some  time ;  allow  to 
i\H>U  and  weigh.  Should  no  fumes  of  hydrated  sulphuric  acid  escipo 
u|HMi  the  applii^sition  of  a  sii-ongish  heat,  this  may  be  looked  uponaia 
surt^  sign  that  the  sulphuric  acid  has  not  been  added  in  sufficient  quan- 
tity,  in  which  case,  after  alU>wing  to  cool,  a  fresh  portion  of  sulphmw 
acid  is  added.  The  methinl  yields  very  accurate  results.  Care  mustba 
takeu  not  to  use  a  very  large  excess  of  sulphuric  add.   The  residue  most 
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W  e3cpoaed  to  a  moderate  red  beat  onljr,  and  weighed  rapidly. 
prD|)erUes  of  the  residue,  see  §  74, 
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2.  Ihiermination  ag  I^ropliosphate  of  Magrhesxa, 

Tl>e  •olntinn  of  the  satt  of  magnesia  ia  iiibted,  in  a  beaker,  with  chlo» 

rid**  of  ammotiium^  and  ammonia  added  in  slight  excess.     Should  a  pre* 

ajntnte  form  \ijx>n  the  addition  of  ammonia,  this  may  be  conaidered  a 

ign  tbmt  a  sii^eient  amount  of  chloride  of  ammonium  has  not  been 

wd ;  a  fresh  amount  of  that  salt  must  consequently  be  added,  suMcient 

IQ  fjifect  tilt?  re-solution  of  the  precipitate  formed.     The  clear  fluid  is 

iK.-ri  frt^xed  with  a  aolution  of  phosphate  of  soda  in  excess,  and  the  mix- 

i>hI,  taking  care  to  avoid  t-out'hing  the  sides  of  the  beaker  with 

iar  ruj  t  lug-rod  ;  otherwise  particles  of  the  precipitate  are  apt  to  adhere 

SO  firmly  to  the  rubbed  parta  of  the  beaker,  that  it  will  be  found  difficult 

lo  remove  them ;  the  beaker  is  then  covered,  and  allowed  to  stand  at 

tv«t  for  twelve  houFSy  without  warming ;  after  that  time  the  fluid  ia  fil- 

'        d   the  precipitate  collected  on  the  ^Iter,  the  last  particles  of  it 

^  out  of  the  g)a«s  with  a  portion  of  the  filtrate,  with  the  aid 

lit»r;  when  the  fluid  has  comidetelj  passed  through,  the  precipi- 

V  iLshed  with  a  mixture  of  3  pai-t*  of  water,  and  1  part  rjf  solution 

; 'Ilia  of  0'9G  sp*  gr,,  the  operatitm   being  continued   nntil  a  few 

^1     t        f  the  fluid  {massing  through  the  filter  mixed  with  nitric  acid  and 

a  drop  of  nitrate  of  silver  show  only  a  very  slight  opalescence. 

ITiC  precipitate  is  now  thoroughly  dried,  and   then  ti^ansferred  to  *a 
platinum  crucible  (§  53) ;  the  latter^  with  the  lid  on,  is  exposed  fur  some 
to  a  verj^  gentle  heat,  which  ia  tinally  incream^d  t-o  intense  redness, 
liter,  as  clean  f^  practicable,  ia  incinerated  in  a  spiial  of  platiDum 
,  and  tlie  a»h  transfen-ed  to  the  crucible,  which  is  then  once  more 
ed  to  a  red  heat^  allowed  to  cool^  and  weiglied. 
?ut  thtf  properties  of  the  precijiitate  and  residue,  see  §  7i. 
Tlua  method,  if  properly  executed,  yields  njost  accurate  results.     Tlie 
pgrrapitate  must  be  washed  completely,  but  not  over*washed,  and  the 
wuhmg  water  must  always  oontam  the  recpiiaite  quantity  of  ammonia. 

Direct  wqjeriments,  Ko.  73,  a  and  6,  gave  respectively  100'43  and 
KMhSO  instead  of  100. 


In  &dU  of  Magnesia  with  Organic  or  Volatile  Tnorffanic  Acids, 

>  aali  of  magnosia  is  gently  heated  in  a  covered  platinum  crucible, 

sang  the  temperature  grtbdually,  until  no  more  fumes  escape ;  the 

\  then  removed,  and  the  crucible  placed  in  an  oblique  position,  with 

Id  loaninfj  a^^ainst  it.     A  red  he^it  is  now  applied,  until  the  residue 

For  the  properties  of  the  residue,  see  §  74,     The 

more  accurate  results  the  more  slowly  the  salt  is  heated 

eginning.     Some  Ioas  of  substance  is  usually  sustained,  owing 

the  Halt  being  carried  oflT  with  the  empyreumatic  products, 

of  magnesia  with  readily  volatile  oxygen  acids   (carbonic  acid, 

(  M^d)y  may  be  trauaformed  into  magnesia  in  a  similar  way,  by  sim- 

aition.    Even  sulphate  of  magnesia  loses  the  whole  of  its  sulphuric 

i  exposed,  in  a  platinum  crucible,  to  the  heat  of  the  gas  blow- 

(So?r?fBNScirEiN).     As  regards  small  quantities  of  suljihate  of 

I  can  fully  conflrm  this  statement. 
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b,   Conv«rn<m  0/ Chloride  of  Magnesium  irUo  pure  Maffn«ria.    See  § 
163,  4,  y. 


THIJiD    aBOUF   OF   THB    BASES. 


AIMUnXA — fiESQUIOXIBS   OF  CHKOSttUH — (flTAlflC  ACm). 


§105. 
1.  Alttmika* 


a,  SoltUitm, 


Those  of  the  compounds  of  alumina  which  are  insoluble  in  water, 
disHolve,  for  the  most  ptirt,  in  hydrochloric  add-  Native  crystalluBed 
ahiinina  (sapphire,  nihy,  coninchiTn,  <fcc.),  and  many  native  almninii  oam- 
potiiui^,  and  alHo  artificially  produced  alumina  after  intense  ignitioD^ 
requirt?  fusing  with  carbonate  of  soda,  caustic  potassa,  or  hydrate  cf 
baiytii,  as  a  preliminary  st^p  to  their  solution  in  hydiXK?hluric  acid. 
Many  alumina  com|H>unds  wliich  resist  the  action  of  concentrattsl  hydro' 
chloric  acid,  may  be  decomposed  by  protracted  heating  with  moderately 
concentrated  sulphuric  acid,  or  by  fusion  with  bisulphate  of  potaaaa; 
«,^,,  common  clay. 

Alumina  is  invariably  weighed  in  the  pure  state  (§  75).  The  several 
compounds  of  alumina  are  converted  into  pure  aJumina,  either  by  preci- 
pitibtion  as  hydrate  of  alumina,  and  subsequent  ignition,  or  by  simple 
ignition.  Precipitation  as  basic  acetate  or  basic  formiate  is  resorted  to 
only  in  cases  of  separation. 

We  may  convert  into 

PURS  ALUVOTA. 


a.  By  JPrecipiiation, 

All  compounds  of  alumina  solu- 
ble in  water,  and  those  which,  in* 
soluble  in  that  menstruum,  dis- 
solve in  hydrochloric  acidj  with  se- 
paration of  their  acid. 


5,  By  Heaiing  or  Ignition. 

a.  All  salts  of  alumina  with 
re^wlily  volatile  acids  (e.g,^  nitrate 
of  alumina). 

i3.  All  salts  of  alumina  with  or- 
ganic acids. 


With  regard  to  the  method  a,  it  must  be  remembered  that  the  solu- 
tion must  contain  no  organic  substances,  wkich  would  interfere  with  the 
precipitation — ?,<;,,  tartaric  acid,  sugar,  &c.  Should  such  be  present,  the 
solution  must  be  mixed  with  carbonate  of  soda  and  nitrate  of  potassa, 
evaporated  to  dryness  in  a  platinum  dish,  the  residue  fused,  then  soft- 
ened with  water,  transferred  to  a  beaker,  digested  with  hydroGkloric 
acid,  and  the  solution  filtered,  and  then,  but  not  before,  precipitated. 

The  methods  hj  a  and  3,  are  applicable  only  in  cases  where  no  other 
fixed  substaaoea  are  present.  The  methods  of  estimating  alumina 
in  its  oombinationB  with  phoaphoric,  boradc,  silicic,  and  chromic  acida^ 
will  be  found  in  Part  IL  of  this  Section,  under  the  heads  of  thsse 
several  acids. 
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DttenmmoBbm  oapure  Aluminck 
a.  By  Pr^pitation. 

Mix  the  iDoderat«ly  dilute  bot  sohition  of  aluminii,  in  a  beaker  or 
di&h,  witli  a  tolerable  quantity  of  chloride  of  ammonium,  if  that  salt  ia 
not  already  present ;  add  ammonia  digfitly  in  excess,  boil  gently  till 
Ihe  steaiD  ceases  to  brown  turmeric  paj^ter,  allow  to  settle  ;  then  decant 
th?  c\e^kT  SQpemat&nt  fluid  on  to  a  filter,  taking  care  not  to  disturb  the 
ate  ;  pour  boiling  water  on  the  latter  in  the  beaker,  stir,  let  the 
^  ij  Tiite  subside,  decant  again,  and  repeat  this  operation  of  washing 
by  decantation  a  second  and  a  tliird  time  ;  transfer  the  precipitate  now 
to  th€»  filt^tr,  finish  the  washing  with  boiling  water,  dry  thoroughly, 
i^te  (§  52),  and  weigh.  The  heat  applied  shonld  be  very  gentle  at 
first^  and  the  crucible  kept  well  covered,  to  guard  against  the  risk  of  loss 
(if  sabstance  firom  spirting,  which  is  always  to  be  apprehended  if  the  pre- 
cipit*t«  is  not  thortyughly  dry  ;  towards  the  end  of  the  process  the  heat 
should  be  mified  to  intense  redness.  In  the  case  of  sulphate  of  alumina 
foregoing  proc€«8  is  apt  to  leave  some  sulphuric  acid  in  the  precipi- 
wliich,  of  course,  vitiates  the  result.  To  insure  the  removal  of 
sulphuric  acid,  the  pi^cipitate  should  be  exposed  for  5-10  niin.  to 
Ihe  heat  of  the  gas  blowpipe  flame.  If  there  are  tliffieulties  in  the  way, 
pfevenling  this  proceeding,  the  precipitate,  either  simply  wa»shed  or  mo- 
derate!? ignited,  must  he  re-dissolved  in  hydrocbloric  acid  (which  re- 
quires protracted  warming  with  strong  acid),  and  then  precipitated  again 
with  ftnunoida;  or  the  sulphate  must  fii-st  be  converted  into  nitrate  by 
it  with  nitrate  of  lead,  added  in  very  slight  excess,  the  ex- 
lett4  removed  by  means  of  hydrosulphuric  acid,  and  the  further 
conducted  a^scording  to  the  directions  of  a  or  b*  For  the  pro- 
pertiee  of  hydrate  of  alumina  and  ignited  alumina,  see  §  75.  The 
lotdhod,  if  properly  executed,  gives  very  accurate  residt«.  But  if  a  con- 
ndcsmble  tixcesa  of  ammonia  is  used,  more  particularly  in  the  absence  of 
iomncmmeal  salts,  and  the  liquid  is  filtered  without  boiling  or  long 
standing  in  a  warm  place  to  i^move  the  ammonia,  no  trifling  loss  may 
be  incurred.  Tliis  loss  Ls  the  greater,  the  more  dilute  the  solution,  and 
tile  lAfger  the  excess  of  ammonia.  The  precipitate  cannot  well  be  Bufiici- 
mniif  wmshed  on  the  tilter  on  account  of  its  gehttiiious  nature  ;  on  the 
other  liand,  if  it  be  entirely  washed  by  deeautation,  a  very  large  quan- 
tity of  wash-water  nniet  be  used,  hence  it  is  advisable  to  combine  the 
tm>  methods,  as  directed.^ 

a*  Comp&tind^  of  Aiumitia  with  V^olaiile  Acuh. 
Ignite  the  salt  (or  the  residue  of  the  evaporated  solution)  in  a  pla- 
tinum crucible,  gently  at  first,  tljen  giadually  to  the  very  highest  dagi-ee 
of  intetjfiity,  until  the  weight  remains  constant.     For  the  propertiae  of 
iUte  re«idiie^  see  §  75.     Its  puiity  muBt  be  carefully  tested.     There  are 
t  BO  eauroes  of  error. 


♦  nnieu  A  loliitioin  of  alumina  in  hydrate?  of  pot»«Rii  or  hydrate  of  soda  is  boiled 
with  excea  of  chloride  of  ammoniam,  the  alnmiaa  j!«panitea  conipletely  d«  » 
hydrate  with  two  eq,  of  water,  which  may  be  washed  with  comparative  tuie. 
In  certain  caeea,  as  where  alomina  is  atiparated  from  aesqui oxide  of  iron  by 
¥7drat«  of  icda,  thia  fact  may  be  taken  adyantage  of.    LuWE^  Fres.  ZeitcchriA, 
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fi,  Compovaida  of  Alumina  with  Organie  Addtm 
The  same  method  as  described  §  104,  3,  a  (Magneoa). 

§106. 
2.  Sesquioxide  of  Chbomium. 

a.  Solution. 

Many  of  the  compounds  of  sesquioxide  of  chromium  are  soluble  in 
water.  The  hydrated  sesquioxide,  and  most  of  the  salts  insoluble  in 
water,  dissolve  in  hydrochloric  acid.  Ignition  renders  sesquioxide  of 
chromium  and  many  of  its  salts  insoluble  in  acids ;  this  insoluble  modi- 
fication must  be  prepared  for  solution  in  hydrochloric  acid,  by  fusing 
with  3  or  4  parts  of  potassa.  A  small  quantity  is  converted,  in  the 
process  of  fusing,  into  chromic  acid,  by  the  action  of  the  air ;  this  is, 
however,  reduced  again  to  sesquioxide  upon  heating  with  hydrochloric 
acid.  Addition  of  alcohol  greatly  promotes  the  reduction.  Instead  of 
this  fusing  with  potassa,  we  frequently  prefer  to  adopt  a  treatment, 
whereby  the  sesquioxide  is  at  once  oxidized  and  converted  into  an 
alkaline  chromate  (see  2).  For  the  solution  of  chromic  iron,  see 
§160. 

b.  Determination. 

Sesquioxide  of  chromium  is  always,  when  directly  determined, 
weighed  in  the  pure  state.  It  is  brought  into  this  form  either  by  pre- 
cipitation as  hydrate  and  ignition,  or  by  simple  ignition.  It  may,  how- 
ever, also  be  estimated,  by  conversion  into  chromic  add,  and  detenni- 
nation  as  such. 

We  may  convert  into 

1.  Pure  Sesquioxide  of  Chromium. 

a,  Jiy  Precipitation.  h.  By  Ignition. 

All    compounds   of   sesquioxide  a.  All    salts   of  sesquioxide  of 

of  chrt>mium  soluble  in  water,  and  chromium   with     volatile    oxygen 

also  those  which,  insoluble  in  that  acids,  provided  no  non-volatile  sub- 

menstruum,  dissolve  in  hydrochlo-  stances  be  present, 

ric'  aciil,  with  st^]mratiou  of   their  0.  Salts  of  sesquioxide  of  ohro- 

aoid.      Pn>vided    always   that    no  mium  with  organic  acids, 
orpuiic  substances  (such  as  tartaric 
acid,  oxalic  acid,  »tc.)  which  inter- 
fert»  with  the  precipitation  be  pre- 
sent. 

2.  Chromic  acid,  or,  more  correctly  speaking,  alkaline  chromate. 

Sest]uioxide  of  chromium  and  all  its  salts. 

The  metluHls  of  anal^*zinJ^  the  cvmibinations  of  the  sesquioxide  of 
chn>mi«m  with  clm^mic  aciil,  phv^phoric  aoid,  boracic  acid,  and  silicic 
acid,  will  Ih*  found  in  Part  11.  of  this  Section,  under  the  heads  of  theae 
Bt»veral  acids. 

1.  X>ftfrmination  as  Sesquiojn<ie  of  Chromium, 

rt.  J?y  PrfcipitatioH, 
Tl\o  solution,  which  must  not  be  too  highly  concentrated,  is  heated 
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to  100^  in  a  beaker.  Ammonm  is  then  added  slightly  in  excess,  and 
llie  mixture  exposed  to  a  tempeiiLture  approaching  boiling,  until  the 
fliud  over  the  precipitate  ie  perfectly  colorless,  presenting  no  longer  the 
Bhade  of  re4 ;  let  the  solid  particles  subside,  wash  three  times 
decantation,  and  lastly  on  the  filter,  with  hot  water,  dry  thoroughly, 
and  ignite  (§  52).  The  heat  in  the  latter  prooeaa  muat  be  increased 
gradiiaUy,  and  the  crucible  kept  covered,  otherwise  some  lo88  of  sub- 
stance ia  likely  to  arise  from  spirting  upon  the  incandescence  of  the  sea- 
qnioxide  of  chromium  which  marks  the  piiasing  of  the  soluble  into  the 
inaolnble  moditication.  For  the  projiertiea  of  the  precipitate  and  reai- 
d\ie,  aee  g  76.  Thi;s  method,  if  properly  executed,  gives  very  accurate 
remits. 

6,  J5y  Igniiiofu 
flL  Snlln  of  Se^quioxide  of  Chroniiiim  mth  YolatUe  Adds, 
The  same  method  as  described,  §  105,  6,  a  (Alumina). 

k  ScdU  of  Sesquioxide  of  Chromium  with  Organic  Acids. 
The  same  method  as  described  §  104,  3,  a  (Magnesia)* 

2»   COKTERSION   OP    SesQUIOXIDE    OF   ChrOMIDM    INTO    ChROHIC  AcID, 

(For  ihe  estimation  of  chromic  acid,  see  §  130.) 

Th&  following  methods  have  been  proposed  with  this  view : — 
a.  The  solution  of  the  salt  of  sesquioxide  of  chromium  is  mixed 
irith  solution  of  potassaor  soda  in  excess,  until  the  hydmted  sesquioxide^ 
vhich  forms  at  lirat,  is  redissolved.  Chlorine  gas  is  then  conducted 
into  the  cold  fluid  until  it  acquires  a  yellowish-red  tint ;  it  is  then 
mixed  with  potaasa  or  soda  in  exce.s«,  and  the  mixture  evaporated  to 
diyuesa ;  the  residue  is  ignited  in  a  platinum  crucible.  The  whole  of 
the  dilorate  of  potassa  (or  soda)  formed  is  decomposed  by  this  process^ 
I  and  the  residue  consists,  therefore,  now  of  an  alkaline  chromate  and 
ftchloride  of  potassium  (or  sodium). — (YonL.) 

H     6.  Hjrdrate  of  potassa  is  heated  in  a  silver  crucible  to  ealm  fusion  i 

Htlie    heat    is  then  somewhat  moderated,    and    the  perfectly    dry    com- 

V|iCMiiid  of  sesquioxide  of  chromium  projected  into  the  crucible.     When 

the  aesquioxide  of  chromium  is  thoroughly  moistened  with  the  polassay, 

tffxudl  lumps  of  fused  chlorate  of  potassa  are  abided.  A  lively  efferve- 
Boence  ensues,  from  the  escape  of  oxygen ;  at  the  same  time  the  niasa 
aoqnirea  a  more  and  more  yellow  color,  and  finally  becomes  clear  and 
transparent.     Loss  of  substance  must  be  carefully  guarded  against  (H. 

^  SCHWARZ). 

H  e.  Dissolve  the  sesquioxide  of  chromium  in  solution  of  potaasa  or 
^k^p,  add  hinoxide  of  lead  in  suffioiotit  excess,  and  warm.  The  yellow 
^^^PU  produced  contains  all  the  chromium  as  chromate  of  Ibad  in  alka- 
■     line  solution.   Filter  from  the  exc^^ss  of  binoxide  of  lead,  add  to  the  filtrate 

I  acetic  add  to  acid  reaction,  and  determijie  the  weight  of  the  precipi- 
tated chromate  of  le-ad  (G.  OHAJ^rEL  *). 
[tt  Render  the  solution  of  sesquioxide  of  chromium  nearly  neutral 
Vy  a  solution  of  carbonate  of  soda,  add  acetate  of  soda  in  excess,  heat 
iktid  add  chlorine  water,  or  pass  in  chlorine  gas,  keeping  tlie  solution 
nearly  neutral  by  occasional  addition  of  carbonate  of  soda.     The  oxida^ 
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#  Comp.  rend.  43,  937. 
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lion  proceeds  readily.    Boil  off  excess  of  chlorine,  wben  the  chromio 
acid  may  be  precipitated  a«  chromate  of  lead  or  chromate  of  baryta 

(W.  GlBB8*).J 


§  107. 

Supplement  to  the  Third  Oroup. 

Titanic  Acid. 

Titanic  acid  is  always  weighed  in  the  pure  state ;  its  separatioiL  is 
effected  either  by  precipitation  with  an  alkali  or  by  boiling  its  dilute 
add  solution.  In  precipitating  acid  solutions  of  titanic  acid  ammonia 
is  employed ;  take  care  to  add  the  precipitating  agent  only  in  slight 
excess,  let  the  precipitate  formed,  which  resembles  hydrate  of  alomina^ 
deposit,  wash,  first  by  decantation,  then  completely  on  the  filter,  diy, 
and  ignite  (§  52).  If  the  solution  contained  sulphuric  acid,  put  some 
carbonate  ot  ammonia  into  the  crucible,  after  the  first  ignition,  to  se- 
cure the  removal  of  every  remaining  trace  of  that  acid.  Lose  no  time 
in  weighing  the  ignited  titanic  acid,  as  it  is  slightly  hygroscopic.  If  we 
have  titanic  acid  dissolved  in  sulphuric  acid,  as  for  instance  oocurs 
when  wo  fuse  it  with  bisulphate  of  potassa  and  treat  the  mass  with 
cold  water,  we  may,  by  largely  diluting,  and  long  boiling,  with  renewal 
of  the  evaporating  water,  fully  precipitate  the  titanic  acid.  Thus 
separated,  it  is  easy  to  wash.  In  the  process  of  igniting  the  dried  pre- 
cipitate, some  carbonate  of  ammonia  is  added.  From  dilute  hydro- 
chloric acid  solutions  of  titanic  acid,  the  latter  separates  completely 
only  upon  evaporating  the  fluid  to  dryness ;  and  if  the  precipitate  in 
that  case  wore  washed  with  pure  water,  the  filtrate  would  be  milky ; 
acid  must,  therefore,  be  added  to  the  water. 

Hydrate  of  titanic  acid  pi*ecipitated  in  the  cold,  washed  with  cold 
water,  and  dried  without  elevation  of  temperature,  is  completely  solu- 
ble in  hydrochloric  acid ;  otherwise  it  dissolves  only  incompletely  in 
that  acid.  Titanic  acid  thrown  down  from  dilute  acid  solutions  by 
boiling,  is  not  soluble  in  dilute  acids.  Ignited  titanic  acid  does  not  dis- 
solve even  in  concentrated  hydrochloric  acid,  but  it  does  dissolve  by  long 
heating  with  tolerably  concentrated  sulphuric  acid.  The  easiest  way 
of  effecting  its  solution  is  to  fuse  it  for  some  time  with  bisulphate  of 
pot-assa,  and  ti'oat  the  fused  mass  with  a  large  quantity  of  cold  wate& 
Upon  fusing  with  carbonate  of  soda,  titanate  of  soda  is  formed,  which, 
when  treated  with  water,  leaves  acid  titanate  of  soda,  which  is  soluble 
in  hydrochloric  acid.  Titanic  acid  (Ti  O,)  consists  of  60*98  per  cent,  of 
titanium,  and  39*02  per  cent,  of  oxygen. 

FOURTH   GROUP   OP   THE   BASES. 

Oxide  op  Zinc — Protoxide  op  MAyoANESE — Protoxide  op  NicKBt— 
Protoxide  of  Cobalt — Protoxide  of  Iron — Sesquioxidb  of  Ibov^ 
(Sesquioxide  op  Uranium). 

•  [Am.  JourxL  Sol  2  Ser.  39,  58.] 
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§  108. 

1.  OXIDS   OF  Zinc, 


o.  Solutien, 


i 


Many  of  the  salts  of  zinc  are  soluble  in  water.  Metallic  zinc,  oxide  of 
line,  and  the  saJts,  which  are  insotuhle  in  water,  dissolve  in  hydrochloric 
acid.     To  dissolve  sulphide  of  zinc  it  is  best  to  employ  nitric  acid  or  aqua 

h.  Determinali&n, 

Zinc  is  weighed  either  as  oxide  or  as  sttiphide  (§  77)»  The  oon version 
of  the  salts  of  jdnc  into  the  oxide  is  effected  either  by  precipitation  as 
banc  carbonate  or  sulphide  of  zinc,  or  by  direct  ignition.  Besides  these 
graTimetric  methods,  several  volumetric  methods  are  in  use. 

Wc  may  convert  into 

L  Oxide  of  Zikc, 


h,  B^  PrtdpiUition  as  Sulphide 
of  Zinc^ 

All  compounds  of  ano  without 
exception. 


a*  Ji%^  Prtcipitatwn  m  Carbonate 
o/Zme. 

AH  the  salts  of  zinc  which  are 
soluble  in  water,  and  all  those  with 
orpam  volatile  acids ;  also  those 
MlAa  of  zinc  which,  insoluble  in 
w«lcrf  dissolve  in  hydrochloric  acid, 
with  tepantion  of  thoir  acid. 

€1  By  diT<e&i  Ignition, 

Silli  of  zinc  with  volatile  inorganic  oxygen  acids, 

2.  Sulphide  of  Zinc. 
AH  compounds  of  zinc  without  exception. 

The  method  1,  c,  is  to  be  recommended  only,  as  regards  the  more  fre* 
queutly  occturing  compounds  of  zinc,  for  the  cjirbonate  and  the  nitrate. 
■hie  methods  1,  6,  or  2,  are  usually  only  resorted  to  in  cases  where  1,  a, 
is  ifMuimiawble.  They  serve  more  especially  to  separate  oxide  of  zinc 
from  otiier  bases*  Salts  of  zinc  with  organic  acids  cannot  be  converted 
mto  the  oxide  by  ignition^  since  this  proce«s  would  cause  the  reduction 
utd  volatilization  of  a  small  portion  of  the  metal.  If  the  acids  are  volatile, 
the  sine  may  be  determined  at  once,  according  to  method  1,  a :  if,  on  the 
contivy,  the  acids  arc  non-volatile,  the  zinc  is  best  precipitated  as  sul- 
phide. For  the  analysis  of  eh r ornate,  phosphate,  borate,  and  silicate  of 
line,  look  to  the  several  acids.  The  volumetric  methods  are  chiefly  em- 
ployed for  technical  purposes  \  see  Special  Part, 

!♦  BeUrminatUm  ca  Oxide  of  Zine^ 

flL  J5y  PrecipUaiicn  as  CarhonaU  of  Zinc* 

Heat  the  moderately  dilute  solution  nearly  to  boiling  in  a  eapactotts 
^<«lI,  best  in  a  platinum  dish  ;  add,  drop  by  drop,  carbonate  of  soda  in 
CQtOMs;  boil  a  lew  minutes ;  allow  to  subside,  decant  through  a  filter,  and 
^nil  the  preetpit&te  three  times  with  water,  decanting  each  time ;  then 
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transfer  tbe  precipitate  to  the  filter,  wash  completely  with  hot  water,  diji 
and  igiiite  aa  directed  8  53,  taking  care  to  have  the  filter  as  clean  aa  prac- 
ticable, before  proceeding  to  incinerate  it.  Should  the  solution  oontaiA 
ammoniacal  salts,  the  ebullition  must  be  continued  until,  upon  a  freeh  addi- 
tion of  tbe  carbonate  of  soda,  the  escaping  vapor  no  longer  imparts  a  brown 
tint  to  tunneric  paper.  If  the  quantity  of  ammoniacal  salts  present  is  con- 
siderable, the  riuid  must  be  evaporated  boiling  to  dryness.  It  is,  thereforie, 
in  such  cases  more  convenient  to  pi-ecipitate  the  zinc  as  sulphide  (see  b). 

The  presence  of  a  gi*eat  excess  of  acid  in  the  solution  of  zinc  must  be  aa  , 
much  as  possible  guarded  against,  that  the  eOervescence  from  theeacap^^H 
carbonic  acid  gas  may  not  be  too  impetuous.     The  tiltrate  must  alwaya^^^l 
tested  with  sulphide  (with  addition  of  chloride)  of  ammonium  to  asoortatii 
whether  the  whole  of  the  zinc  has  been  precipitated  ;  a  Blight  precipitato 
will  indeed  ini?ewia6?y  form  upon  the  application  of  this  test ;  but,  if  the 
proceiia  has  been  proi>erly  conducted,  this  is  so  inaigniticant  that  it  may  be 
altogether  disregarded,  being  limited  to  some  exceedingly  slight  and  im- 
ponderable flakes,  which  moreover  make  their  appearance  only  after  many 
hours'  standing.     If  the  precipitate  is  more  considerable,  however,  it  must 
be  treated  as  directed  in  6,  and  the  weight  of  the  oxide  of  zinc  obtained 
added  to  t bat  resulting  from  the  first  process.     For  the  properties  of  the 
precipitate  and  residue,  see  §  77.     Tliis  method  yields  pretty 
results,  though  they  are  in  most  cases  a  little  too  low,  as  the  precipitai 
is  never  absolutdg  complete,  and  as  particles  of  the  precipitate  will  al 
and  unavoidably  adhere  to  the  filter,  which  exposes  them  to  the  chanoe 
reduction  and  volatilization  during  the  process  of  ignition.     On  the  o1  * 
handj  the  results  are  sometimes  too  high  \  this  is  owing  to  defective 
aa  may  be  seen  from  the  alkaline  reaction  which  the  residue  mamfosta  in 
ca.'ieH,     It  is  advisable  also  to  ascertain  whether  the  residue  will  dissolve 
hydrochloric  acid  without  leaving  silicic  acid  j  this  latter  precaution  ia  in- 
dispensable in  cases  where  the  precipitation  has  been  effected  in  aglasa  veaseL 

[It  ia  often  better,  especially  in  presence  of  ammonia  salts,  to  heat  tlie 
dry  zinc  salt  with  excess  of  carbonate  of  soda  in  a  platinum  dish  cau- 
tiously to  near  redness^  then  treat  with  hot  water  and  wash  as  directed.] 

6,  Bg  PrecipUaiion  as  Stdphiih  of  Zinc. 

Mijt  the  solution,  contained  in  a  not  too  large  flask  and  sufficiently 
diluted,  with  chloride  of  ammonium,  then  add  ammonia,  till  the  reaction 
is  just  alkaline,  and  then  colorless  or  slightly  yellow  sulphide  of  ammo- 
nium in  moderate  excess.  If  the  flask  is  not  now  quite  full  up  to  the  neck, 
make  it  so  with  water,  cork,  allow  to  stand  12  to  24  hours  in  a  warm 
place,  wash  the  precipitate,  if  considerable,  first  by  decantation^  then  on 
the  filter  with  water  containing  sulphide  of  ammonium  and  also  less  and 
leas  chloride  of  ammonium  (finally  noDe).  In  decanting  do  not  pour  the 
fluid  through  the  filter,  but  at  once  into  a  flask.  After  thrice  decanting, 
filter  the  fluid  that  was  poured  off,  and  then  transfer  the  precipitate  to  tha 
filter,  finishiiig  the  washing  as  directed.  The  funnel  is  kept  covered  with 
a  glass  plate.  If  the  xinc  is  not  to  be  determined  accoixiing  to  2,  then 
put  the  moist  filter  with  the  precipitate  in  a  beaker,  and  pour  over  it 
moderately  dilute  hydrochloric  acid  slightly  in  excess.  Put  the  glass 
now  in  a  warm  place,  until  the  solution  smells  no  longer  of  sulphuretted 
hydrogen ;  dilute  the  fluid  with  a  little  water,  filter,  wash  the  original 
filter  with  hot  water,  and  proceed  with  the  solution  of  chloride  of  sine 
obtained  as  directed  in  a. 


fioa] 


OJOBE  or  ZIFO. 


Trom  a  solntion  of  acetate  of  zinc  the  metal  may  be  preoipltated  ccnxk- 
pleiely,  or  nearly  so,  with  sulphuretted  hydrogen  gas,  even  in  presence  of 
An  exoeas  of  acetic  acid,  provided  always  no  other  acid  be  present  (Expt, 
No.  74).  The  precipitated  sulphide  of  zinc  is  washed  with  water  impreg- 
nated with  sulphuretted  hydrogen,  and,  for  the  rest,  treated  exactly  like 
the  Buiphide  of  zinc  obtained  by  precipitation  mth  sulphide  of  ammonium. 

Small  (Quantities  of  sulphide  of  zinc  may  also  be  converted  directly  in- 
to the  oxide,  by  heating  in  an  open  platinum  crucible,  to  gentle  redoeiB 
ai  firaty  then,  after  some  time,  to  most  intense  redne&s. 

c  2?y  direct  Ignition. 

The  salt  is  exposed,  in  a  covered  platinum  crucible,  first  to  a  gentle 
heat,  finally  to  a  most  intense  heat,  until  the  weight  of  the  residue 
remiduR  constant.     The  action  of  reducing  gases  is  to  be  avoidedi 

S.  2^«forfiitna^u>n  oi  Sulphith  of  Zhie, 

Hie  precipitated  sulphide  of  ziuc,  obtained  as  in  1,  j&,  may  be  ignited 
in  hydrogen  and  weighed.  H*  Kose,'*'  who  has  lately  recommended 
the  prooeas,  employs  the  following  appaiuiuH* 


Fiff,  47. 


E  contains  concentrated  sulphuric  acid,  &,  chloride  of  calcium.  The 
elaln  crucible  has  a  |>erforated  porcelain  or  platinum  cover,  into  the 
opening  of  which  fits  the  porcelain  or  platinum  tube,  d.  The  latter  is 
I  provided  with  an  annular  projection  which  rests  on  the  cover,  the  tube 
■  itaeif  extends  some  distance  into  the  crucible.  When  the  sulphide  of 
H  zinc  haa  dried  in  the  Biter,  it  is  transferred  to  the  weighed  porcelain 
H  crucible,  the  filter  ashes  added,  powdered  sulphur  is  sprinkled  over  the 
p  contents  of  the  crucible,  the  cover  is  placed  on,  and  hydrogen  is  passed  in 
a  moderate  stream,  a  gentle  heat  is  applied  at  first,  which  is  after- 
wards  raised  for  five  minutes  to  intense  redness ;  finally  the  crucible  is 
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allowed  to  cool  with  coatmued  transmission  of  tlie  gaj^  And  the  sulphide 
of  zinc  is  weighed, 

[Instead  of  the  porcelain  tul>e  and  perforated  cover,  a  common 
tobacco-pipe  may  be  employed,  the  bowl  of  the  latter  being  inTarted 
over  or  within  a  porcelain  crucible.  Sulphuretted  hydrogen  may  be 
advantageously  subatituted  for  hydrogen.] 

Oesten's  experimentSj  which  were  adduced  by  Rose  in  support  of  the 
accuracy  of  this  methodj  were  highly  satisfactory. 

Sulphate,  carbonate,  and  oxide  of  zinc  may  be  converted  into  sulphide 
in  the  manner  just  described*  They  must,  however,  be  mixed  with  an 
excess  of  powdered  sulphur,  otherwise  you  will  lose  some  zinc  from  the 
reducing  action  of  the  hydrogen  {H.  Rose). 

§  109. 

2,  Protoxide  of  Manganese. 

a.  Solution, 

Many  of  the  salts  of  protoxide  of  manganese  are  soluble  in  water.  Hie 
pure  protoxide,  and  those  of  its  salts  which  are  insoluble  in  that  men* 
Btniumj  dissolve  in  hydrochloric  acid,  which  dissolves  also  the  higher 
oxides  of  manganese.  The  solution  of  iho  higher  oxides  is  attended  with 
evolution  of  chloiine — equivalent  in  quantity  to  the  amount  of  oxygen 
which  the  oxide  under  examination  contains,  more  than  the  protoxide 
of  manganese — and  the  fluid,  after  application  of  heat^  is  found  to  ooii- 
tain  protochloride  of  manganese. 

b,  I}eterminaii&n^ 

Manganese  is  weighed  either  as  proto8e9quumdej  ae  mdphidB^  or  is 
pyropJwsphaU  (§  78.)  Into  the  form  of  protoaesquioxide  it  is  con* 
verted  either  by  precipitation  as  carbonate  of  protoxide,  or  as  hydnited 
protoxide,  sometimes  preceded  by  precipitjitioa  as  sulplnde  of  mangi^ 
neae,  or  as  binoxiUe  of  manganese  ■  or,  finally,  by  direct  ignition. 
[Wlien  estimated  as  pyrophosphate  it  is  precipitated  as  ammonio-phos- 
phate.] 

Manganese  may  be  determinf^d  volumotriailly  in  two  diSereut  wiiys, 
one  being  applicable  to  any  solution  of  protoxide  of  manganese,  provided 
it  be  free  from  any  other  substance  which  exerts  a  reducing  action  on 
alkaline  solution  of  ferricyanide  of  potassium,  the  other  being  only  admis- 
sible, when  we  have  manganese  in  the  condition  of  a  perfectly  definite 
higher  oxide,  and  free  from  other  bodies,  which  evolve  chlorine  on  boil- 
ing with  hydrocliloric  acid. 

We  may  convert  into 

L    PROTOSESQUIOXIDE   OP  MAlfOANESS. 


o.  B}^  Precipitation  as  Carbo- 
nate of  ProtosAde  of  3fanganese. 

All  the  soluble  salts  of  manga- 
nese  with  inorganic  acids,  and  all  its 
salts  with  volatile  organic  acids ; 
also  those  of  its  salts  which,  insoluble 
in  water,  dissolve  in  hydrochloric 
add  with  separation  of  theLr  acid. 


5.  By  Pr^piiaHon  as  ITydraih 

ed  Profro:e(de  of  Mdnffan«n, 

All  the  compounds  of  manganeBO^ 
with  the  exception  of  iU  aalte 
with  non-volatile  organic  acida. 


9 1^0 


PR0T6X 


e.  By  JPrecipilcUion  aa  Sulphide 
of  Mtm^artsse. 
AM  cotzipounds  of    manganese 
put  exception. 


d,  By  Separation  <u  Binoxid$ 
of  Manganese, 

All  compounds  of  manganese  in 
a  slightly  acid  solution,  especially 
acetate  and  nitrate  of  pmtoxide  of 
manganese. 


fc  Sy  direct  Ignition, 

AU  oxygen  comrK)unds  of  man- 
_  salts  of  mAngauHse  with 

raylily  voktUe  acids,  and  with  or- 
ganic acidfl, 

2.  Sulphide  op  Mangaxese. 

AU  compounds  of  manganese  without  exception. 

3.  Pybophosphate  of  Mangaxese. 

All  the  oxides  and  many  of  the  salta  of  manganese* 

The  method  1,  <?,  is  simple  and  accurate,  but  seldom  admissible.  The 
ithod  1 ,  a,  is  the  most  usually  employed ;  If  one's  choice  is  free,  it  is 
be  preferred  to  1,  6,  The  methods  1,  r»  and  2,  are  generally  used, 
the  methods  1,  a,  or  b^  cannot  be  adopted — say  on  account  of  the 
of  a  non- volatile  organic  substance,  and  also  when  we  have  to 
rate  manganese  from  other  metals.  The  latter  object  may  be  at- 
ed  also  by  the  method  1,  d.  The  process  3»  is  very  convenient  and 
rate  in  abt*enee  of  alkaline  earth  and  hea\y  metals.  The  j>hoRphate 
borate  of  manganese  are  treated,  either  accord  Lug  to  the  method 
1,  6,  aa  the  salts  precipitated  from  acid  solution  by  potassa  are  com- 
plett^ly  decomposed  upon  boiling  with  excess  of  potassa,  or  according 
to  the  method  2.  In  silicates  the  manganese  is  determined  after  the 
iepmratiou  of  the  silicic  acid  (§  1^0),  aocoixliug  to  1,  a,  or  3;  for  the 
analysis  of  chromato  of  protoxide  of  manganese,  see  §  130  (chromic 
»cid).  The  volumetric  method  by  reduction  of  femcyanide  of  potas- 
sium is  comparatively  new,  and  especially  suited  for  technical  work, 
in  which  the  highest  degree  of  accuracy  is  not  required.  The  estima- 
tion of  manganese  from  the  quantity  of  chlorine  cliHCLigaged  upon  boil- 
tho  oxides  with  hydrochloric  acid,  is  resorted  to,  more  particu- 
',  to  determine  the  degrees  of  oxidation  of  manganese,  and  j^ermita 
ilso  the  estimation  of  manganese  in  presence  of  other  metals  (see  Sec- 
tion V). 

1,  Ihigrminaiion  as  Prototeatptioxide  of  Manganese, 
rt.  By  PrecipiUidon  as  Carbonate  of  Protoxide  of  3fanganese, 
The  precipitjition  and  washing  are  etlected  in  exactly  the  same  way 
an  directed  §  108,  1,  a  (determination  of  zinc  as  oxide,  by  precipila- 
iion  as  carbonate).  If  the  filtrate  is  not  al>solutely  clear,  stand  it  in  a 
warm  place  for  twelve  to  twenty-four  hours,  A  slight  precipitate  will 
Iben  ieparate,  which  is  collected  on  another  smtJi  tilter.  The  precipi- 
tftie  is  dried,  and  then  ignit<3d  a-s  directed  §  53.  The  lid  is  removed 
~  Dm  the  crucible,  and  a  strong  heat  maintained  until  the  weight  of  the 
lidue  remains  constant.     Care  must   be  taken  to  prevent  reducing 
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gases  finding  their  way  into  the  crucible.     For  the  properties  of  the 

precipitate  and  residue,  see  §  78.  71iis  method,  if  properly  executed, 
gives  ftcciirate  results.  The  principal  point  is  to  continue  the  appUca* 
tioD  of  a  sufficiently  intense  heat  long  enough  to  etfect  the  object  in 
view.  It  is  necessary  also  to  ascertain  whether  the  residue  has  not  an 
alkaline  reaction,  and  having  removi^d  it  from  the  platinum  cinicible, 
whether  it  dissolves  in  hydrochloric  acid  without  leaving  silica. 

6.  Btj  Prt^cipUotion  as  Ilydratf'd  Protoadde  of  Mangtmese^ 

The  sohitioii  should  not  be  too  concentrated,  and  it  is  best  to  hsve  it 

in  a  platimim  diah.     Precipitate  with  solution  of  pure  soda  or  potassa, 

and  jiroceed  in  all  other  respects  as  in  a. 

If  phosphoric  acid  is  present,  or  boracic  acid,  the  fluid  must  be  kopt 

boiling  for  some  time  with  an  excess  of  alkali.     For  the  properties  of  the 

precipitate,  see  g  78. 

c.  By  I^edpUoiion  a$  Sulphide  of  Manganeie* 
The  solution  contidned  in  a  comparatively  small  flask  and  not  too 

lute  ia  first  mixed  with  chloride  of  ammonium  (if  an  ammonia  salt  is  n( 
already  present  in  sufficient  quantity),  then — if  the  fluid  is  acid — wi 
ammonia,  till  it  reacts  neutral  or  very  slightly  alkaline ;  now  add  yellow 
sulphide  of  ammonium  in  moderate  exc€%ss,  if  the  flask  is  not  already 
(juite  full  up  to  the  neck,  add  water  till  it  ia,  cork,  st^ind  it  in  a  wj 
place  for  at  least  twenty-four  hours,  waah  the  precipitate  if  at  all  ooi 
derable,  first  by  decantotion,  then  on  the  filter,  using  water  con 
Biilphido  of  ammonium,  and  also  gradually  diminished  quantities  of 
chloride  of  ammonium  (finally  none).  In  decanting,  pour  the  fluid  in 
a  flask  J  not  on  the  filter.  After  decanting  three  times,  filter  the  fluids 
that  have  been  poured  off,  transfer  the  precipitate  to  the  filter,  and  finish 
the  washing  as  above  directed,  without  interruption.  Keep  the  funnt " 
covered  with  a  glass  plate.  If  you  do  not  prefer  to  determine  ucooi'd 
to  2,  proceed  as  foUows  ;~Put  the  moist  filter  with  the  precipitate  im 
a  beaker,  add  hydrochloric  acid,  luid  warm  until  the  mixture  Btnells 
longer  of  Buljihuretted  hydrogen  ;  filter,  wash  the  residuary  paper  care- 
fully, and  f>retipit%te  the  filtrate  us  directed  in  a.  The  results  are  satifr* 
iactcny,  compai-e  §  78,  e. 

d.  By  Separation  cts  Binoxids  of  ManganeMS, 
Heat  the   solution  of   the  acetate  of  pi-otoxide  of  manganese  or 

other  compoimd  of  the  pi'^toxide  containing  but  little  free  acid, 
addition  of  a  suflicient  quantity  of  acetate  of  soda,  to  from  50"^  to  60% 
and  transmit  chlonne  gas  tli rough  the  fluid.  The  whole  of  the  man- 
ganese present  falls  down  as  biooxide  (Schiel, — Rivot,  Beudant,  and 
Daquin).  Wai^h,  firat  by  decantation,  then  upon  the  filter;  dry,  trans- 
fer the  precipitate  to  a  flask,  add  the  filter  ash,  he^t  with  hydrochloric 
acid,  filter,  and  precii>itttte  as  directed  in  a.  If  the  acetate  of  soda  is 
deficient,  and  esptM-ially  if  hydruchloiie  acid  Is  present,  it  may  happen 
that  the  precipitation  of  the  mangauose  by  chlorine  is  not  quite  com- 
plete; it  is  thui-efore  wt*ll,  after  filtering  ofl'  the  j>eroxide^  to  treat  the 
filtrate  with  more  acetate  of  srida,  and  again  pass  chlorine^  The  sepa- 
ration of  manganese  as  biuoxide,  by  evaporating  it-s  solution  in  nitiio 
acid  to  dryness,  and  heating  the  residue,  finally  to  155^,  ia  given  in 
Section  V. 
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fUroiftilie  may  b©  most  atdvantageously  substituted  for  cblorine  gas. 
Wbim  the  quantity  of  binoiid*?  is  small  it  may  he  directly  converted  into 
proCosesqui oxide  by  intense  ignition,  as  it  retains  but  one  or  two  per 
omt.  of  alkalL     It  may  also  b^  estimated  aa  pyrophosphate^  §  lOQ,  3. 

«.  i?y  direct  Ignition, 

The  manganeaa  compound  under  examination  is  introduced  into  a  pla- 
tinum crucible^  which  is  kept  eloaely  covered  at  first,  and  exposed  to  a 
gmtle  bent ;  after  a  time  the  lid  is  taken  ofi',  and  replaced  loosely  on  the 
crocible,  and  the  heat  ia  increaaed  to  the  highest  degree  of  intensity, 
lith  careful  exclusion  of  reducing  gases ;  the  process  is  continued  until 
the  weight  of  the  residue  remains  constant.  The  conversion  of  the 
liigber  oxides  of  manganese  into  protosesquioxide  of  manganese  re- 
<jttinsa  more  protracted  and  intense  heating  than  the  conversion  of  the 
protoxide.  In  fact,  it  can  hardly  be  eflected  without  the  use  of  a  gas 
blowpipe.  In  the  caae  of  salts  of  manganese  with  organic  acids,  care 
moat  always  bo  token  to  ascertain  whether  the  whole  of  the  carbon  baa 
been  eoiisitmed  ;  and  should  the  contrary  turn  out  to  be  the  case,  the 
ren4w»  must  either  be  dissolved  in  hydrochloric  acid,  and  the  solution 
pv'  1  as  directed  in  «,  or  3  or  it  must  be  repeatedly  evaporated 

''M  Hcid,  until  the  whole  of  the  carbon  is  oxidized.    The  method, 

if  |>fv*^»tiily  executed,  gives  accurate  results.  On  the  other  hand,  if  the 
vjif^tions  are  not  carefully  attended  to,  one  must  not  be  surprised  at 
^QHIflerable  differences.  In  the  ignition  of  salts  of  manganese  with 
cn^pudo  acids,  minute  particles  of  the  salt  are  generally  carried  away 
viih  tlie  empyreumatic  products  evolved  in  the  process,  whicb^  of  course, 

■Kk  to  reduce  the  weight  a  little, 
I.  It^t€rfmnation  as  Sulphide  of  Manganese* 
Die  sulphide  precipitated  as  in  1,  c,  may  be  determined  in  this  form, 
follows :  Dry,  transfer  the  pi'ecipitate  to  a  crucible,  bum  the  filter, 
add  tlie  ashes,  strew  some  sulphur  on  the  top,  ignite  strongly  in  hydro- 
gm  (till  it  becomes  black)  and  weigh  as  anhydrous  gtdphide  of  man* 
pUMMa  (IL  Rose  *),  compare  the  uudogous  process  for  mic,  §  108,  2. 

The  reaidts  obtained  by  Oesten,  and  cited  by  Eobe,  are  perfectly  sat- 
ia&fCtonr*  » 

Tfaia  method  is  shorter  and  more  con vi?n lent  than  dissolving  the  moist 
■alpliide  in  hydrochloric  acid,  and  precijHtating  with  carbonate  of  soda. 
The  protosulphate  and  all    the    oxides  of  manganese   may  be   sub- 
jeeled  to  this  process  with  the  same  result. 

[3,  Ihterminaiwn  o*  Pt/rophosphate  of  Manganese, 

To  the  solution  of  manganese,  which  may  contain  salts  of  ammonia  or 

ftlkmliea,  phosphate  of  soda  Lb  added  in  large  excess  above  what  is  needful 

to  convert  the  manganese  into  phosphate.    The  white  precipitate  is  then 

ntliiMiolved    in   sulphuric  or  chlorhydric   acid,  the  liquid  is  heated  to 

Mlifl^  b^t  in  a  platinum  dish,  and  ammonia  added  in  excess.     The 

klilillg  U  continued  10 — 15  minutes,  whereby  the  white,  semi-gelatinous 

proripittttr  first  formed  is  converted  into  rose-colored,  pearly  scales.     The 

'  >  iji  kept  hot  for  an  hour  longer,  tben  filtered  and  washed  with  hot 

'  oontfdning  a  little  anmionia.     The  precipitate  of  ammonio-phos- 
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pbate  of  manganese  is  dried,  separated  from  tbe  filter,  and  converted 
by  ignition  into  pjrophosplmte.     Kesulta  accurate,  see  §  78  (Gibbs*, 

Hbnhyj),] 

4.  Volumetric  det^minalion  by  the  Heduction  of  FerricyanifU  of 
J'otassium  (E.  Lenssen  J), 

The  method  is  gronnded  on  the  fact  that  if  a  solution  of  protoxide  of 
manganese  which  contains  1  eq,  Fe,jO,  to  1  eq,  MnO,  is  acted  on  by  ox- 
cess  of  alkaline  solution  of  femcjanide  of  potassium  at  a  boiling  tem- 
perature, all  the  manganese  is  precijiitated  as  binoxide,  while  a  corre- 
Bponding  quantity  of  ferrocyanide  of  potassium  is  formed.  By  dtfter- 
mining  the  latter,  the  amouot  of  manganese  present  is  obt4iined. 

K,  Cfyt+2  KO  +  MnO,S05=2  K^  Cfy  f  KO,SO,-|-MnO^ 

Accordingly  1  eq.  manganese  gives  rine  to  2  eq.  ferrocyanide  of  potas- 
sium. Of  course  all  other  reducing  substances  must  be  absent,  and  the 
manganese  must  be  present  entirely  in  the  form  of  proto-salt^  If  the 
eolation  contains  no  sesquioxide of  iron,  the  precipitate  ia  a  combination 
of  mtich  binoxide,  with  little  protoxide,  not  always  in  the  same  prupor- 
tionK  In  performing  the  process,  mix  first  with  the  acid  solution  of 
protoxide  of  manganese  so  much  sesquichloride  of  ircrn  that  you  may  be 
sure  of  having  at  least  1  eq,  Fe^O^  to  1  eq,  MnO,  and  add  the  mixture 
gradually  to  a  boiling  solution  of  feriicyanide  of  potassium,  previously 
rendered  strongly  alkaline  with  potassa  or  soda.  After  boiling  together 
a  short  time  the  brownish -black  precipitate  becomes  granular  aud  less 
bulky.  Allow  to  cool  cotfijdetelj/^  loiter  otT  and  wash  the  precipitate, 
acidify  the  filtrate  with  hydrocliloric  acid,  and  estimate  the  ferrocyanide 
of  potassium  with  permanganate,  according  to  §  147,  II,,  ff,  «•  If  the 
liquid  is  liltei-ed  hot,  the  results  ai-c  too  high,  as  the  filter  in  this  case 
has  a  reducing  action.  The  method  may  be  shortened,  as  follows :  After 
boiling,  transfer  the  solution,  together  with  the  precipitate,  to  a  measur- 
ing flask,  allow  to  cool,  fill  up  to  the  mark  with  water,  shake,  and  allow 
to  settle.  Filter  thiough  a  dry  filter^  take  out  a  certain  quantity  with  a 
pipette,  and  detertuine  the  ferrocyanide  in  this.  A  sUght  source  of  eri*or 
is  here  introduced  by  disregarding  the  volume  of  the  precipitate.  The 
results  adduced  by  Lenssen  are  very  satisfactory.  I  have  myself  repeat- 
edly tested  this  method,  and  I  have  to  remark  as  follows ; — 

fit.  If  ferricyanide  of  [lotassium  is  long  boiled  with  pure  potnGBa,  &  small 
quantity  of  ierrocyanide  is  invariably  produced. 

6.  The  potiussu  must  be  quite  free  from  organic  snbstanoes,  and  should 
therefoi-e,  if  there  is  any  doubt  on  this  point,  be  fused  in  a  silver  dkh 
before  use,  otherwise  the  error  alluded  to  in  a  may  be  considerably  iii- 
creaaed. 

c.  The  complete  wnshing  of  the  voluminous  precipitate  is  attemded 
with  so  much  ditliculty  and  loss  of  time  tis  to  render  the  method  more 
troublesiome  tliati  a  gnivimetrie  analysis. 

(L  The  abridged  method,  on  tlio  other  hand,  may  be  of  great  service 
in  certain  cases,  especially  when  a  series  of  manganese  determinatioQ^y 
have  to  be  made,  the  manganese  not  being  in  too  minute  quantities,  a^^H 
the  highest  degree  of  accuracy  not  being  requireil     In  my  laboratof^V 
by  employing  a  slight  excess  of  sesquioxide  of  iron,  97-9 — 100-12 — 

*  Am.  Jour,  Scl  2d  Ser.  44,  p.  216,       f  Am.  Jour.  Sd.  2d  Ber.,  47,  p.  130 
t  Joum,  t  prakt  GheoL  80,  408i 
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^8-21 — ^96-99,  and  100*4  were  obt&bed,  instead  of  100.    Hie  Imvccumcy 
jsueremaeB  on  usia^  &  large  excess  of  the  iron.* 

5-  VidumePrie  determitialion  by  hoillng  the  higher  oxides  with  hydro- 
i^Horie  odd^  and  esHmalinff  the  chloriiM  mmlved. 

The  methods  here  employed  will  be  found  all  together  in  the  Special 
Part  under  **  Valuation  of  Manganese  Ores.'' 

§  no. 


3.  PbOTOXIDE  of  NtCKKL. 


W  a.   Solution^ 

f  Hany  of  the  salts  of  protoxide  of  nickel  are  soluble  in  water*     Those 

I  which  are  insoluble,  as  also  the  ])ure  protoxide,  in  its  common  modifica- 
cation,  dissolve,  without  exception,  in  bydrochloric  acid.  Tlie  peculiar 
modification  of  protoxide  of  nickel,  discovered  by  Gentti,  which  crystal- 
lizes in  octahedra,  does  not  dissolve  in  acids,  but  is  rendered  soluble  by 
InsioD  with  bisulphate  of  potassa.  Metallic  nickel  dissolves  slowly,  with 
evolution  of  hydrogen  gas,  when  wanned  with  dilute  hydrochloric  or 
Bnlpburic  acid  ;  in  nitric  acid,  it  dissolves  ynXli  great  readiness.  Snl- 
phtde  of  nickel  is  but  spaiingly  soluble  in  hydrochloric  acid,  but  itdis- 
mlves  readily  in  nitrohydrochloric  acid.  Peroxide  of  nickel  dissolves 
in  hydrochloric  acid,  upon  the  application  of  heat^  to  protochloride,  with 
evolution  of  chlorine, 

Piroiojdde  of  nickel  is  always  weighed  as  snch  (§  79).  The  compounds 
of  nickel  are  converted  into  the  pure  protoxide^  usually  by  precipitation 
aa  hyd rated  pmtoxide,  preceded,  in  some  instances,  by  precipitation  as 
sulphide  of  nickel,  or  by  ignition^ 

We  may  convert  into 

P110TOXIDE  OP  NICKEL, 


h.  lit/  PrecipitatiQn  as  Sxdphide 
of  NiekeL 

All  compounds  of  nickel  with* 
oat  exception. 


a.  J?y  PrecipUaHon  as  Ih/drated 
I^roUfOcide  or  Sesquioccide  of  A^ickeL 

All  tb©  salts  of  nickel  with  in- 
or^^anic  acids  which  are  soltible  in 
wmier,  and  all  its  salts  with  vuktile 
ozgaaio  acids ;  likewise  all  salts  of 
tiiekel  which,  insoluble  in  water ^ 
diaaolve  in  the  stronger  acids,  with 
Mpajrstion  of  their  acid. 

e,  Sy  Tgniticm. 

The  salts  of  nickel  with  readily  volatile  oxygen  acids, 
Ot  with  such  oxygen  acids  as  are  decomposed  at  a  high 
tempeniture  (carbonic  acid,  nitric  acid). 
The  method  c  is  very  good,  but  seldom  admissible.     Tlie  method  a  is 
most  frequently  employed.     In  the  pres<?nce  of  sugar,  or  other  non-vola- 
tile organic  aubstance,  it  cannot  be  used«     In  this  case  we  must  either 
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ignite  and  thereby  destroy  the  organic  matter  before  prDctpitatuig,  or 
we  moBt  resort  to  the  mothod  b,  which  otherwise  is  hardly  used  exoopt 
in  separations.  The  combinations  of  the  protoxide  of  nickel  with 
chromic,  phosphoric,  boracic,  and  silicic  acida  are  aniUyzed  according  ta 
the  methods  given  under  the  eeveral  acids* 

Deterviifhoimn  tu  Protoxide  of  N^ickd, 

ck  By  PredpiitsUion  as  IlydraM  Protoxide  of  Nickd, 

Mix  the  sohition  with  pure  solution  of  potaasa  or  soda  in  exceai, 
heat  for  some  time  nearly  to  ebullition,  decant  3  or  4  times,  boiling 
up  each  time,  filter,  wash  the  precipitate  OwrfytigJdy  with  hot  water, 
dry  and  ij^iite  Inleruteh/  (Russell  *)  (§  53).  The  precipitation 
IB  be«t  etfected  in  a  platinum  dish ;  in  presence  of  nitrohydrochioric 
acid,  or,  if  the  operator  does  not  possess  a  sufficiently  capacious  dish  of 
the  metal,  in  a  porcelain  dish  ;  glass  vessels  do  not  answer  the  purpose 
so  well.  Presence  of  animoniacal  salts,  or  of  free  ammonia,  doea  not 
interfere  with  the  precipitation.  For  the  properties  of  the  precipitate 
and  residue,  see  §  79.  Thia  method,  if  properly  executed,  gives  very 
accurate  results.  The  thorough  washing  of  the  precipitate  is  a  most 
essential  point.  It  is  necessary  also  to  ascertain  whether  the  reaidn 
has  not  an  alkaline  reaction,  and  whether  it  dissolves  completely 
hydrochloric  acid, 

[Addition  of  solution  of  h}7>ochlorite  of  soda  to  the  hot  liquid,  i 
treatment  with  caustic  soda,  converts  the  protoxide   into    aestpiiogeide^ 
which  washes  more  easily  than  the  protoxide,  and  is  otherwise  treated 
like  the  hitter,] 

6,  Jiy  Precipitaiion  as  Stdphid^  of  NickeU 

Tills  requires  the  greatest  care  and  attention  when  sulphide  of  am- 
monium is  employed. 

a.  The  moderately  dilute  cold  solution  of  nickel  contained  in  a  proper 
sized  flsiik  is,  if  necessary,  neutralized  with  ammonia  (the  reaction  should 
be  rather  slightly  acid  than  alkaline)  :  chloride  of  ammonium  ia  added, 
if  not  already  present  m  Huffici<^nt  quaritity,  and  tben  hydroaulphate  of 
sulphide  of  ammonium,  as  long  as  a  pi*ecipitate  la  produced,  (The 
NH^S,  HS  should  be  perfectly  satnrat<*d  with  HS;  it  may  be  colorless  or 
light-yellow.)  A  bu^  excess  of  the  reiigent  must  be  avoide<J.  Afier 
mixing,  fill  the  flask  with  wat^r  up  to  the  neck^  cork,  and  allow  to  si 
about  twenty  four  hours  without  warmiug,  but  in  a  moderately 
place,  Tlie  precipitate  has  now  settled,  and  the  clear  supernatant  fluid 
is  colorless  or  slightly  yellow.  Decant,  filter,  and  wash  as  described  in 
the  case  of  Hiil|)liide  of  manganese  {§  109,  1^  c).  (Filtrate  and  wash- 
water  must  be  colorless  or  sliglitly  yellow.)  Dry  the  precipitate  In  the 
funnel  J  and  transfer  as  completely  as  possible  from  the  filter,  to  a  l>eaker  j 
the  filter  Is  incinerated  in  a  coil  of  platinum  wire,  or  upon  the  lid  of  a 
crucible,  and  the  ash  added  to  the  dry  precipitate.  The  precipitate  is 
now  treated  with  conociitrat^^d  nitiobydrochloric  acid,  and  the  mixture 
digested  at  a  gentle  heat,  until  the  whole  of  the  sulphide  of  nickel  is 
dissolved^  and  the  undissolved  suli*hur  appears  of  a  pure  yeDow ;  the 
fluid  is  then  diluted,  filtered,  and  the  filti-ate  precipitated,  *fe<;.,  as  di- 
rected in  a.  For  the  properties  of  the  precipitate,  see  §  79.  " 
method,  if  properly  executed,  gives  accurate  results. 

If  the  solution  contains  free  ammonia,  or  no  salt  of  ammoniii^ 
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fluid  filtered  off  from  the  BuIpLide  of  nickel  possesses  always  a  more  or 
hm  brownish  tint,  and  contains  sulphide  of  nickel  (§  79,  c),  which  must 
be  reg&Loed  by  acidifying  with  acetic  acid  and  Ijoiling,  If  thfl  precipi- 
tate ia  not  washed  aa  directed,  some  nickel  ia  very  likely  to  pass  thruiigh 
with  the  wa&h- water.  If  the  filter  were  not  incinerated,  but  tit?at©d  at 
once,  together  with  the  precipitate,  with  nitrohydrochloric  acid,  the  so- 
lution of  the  sulphide  of  nickel  would  coiitjiin  organic  substances,  and 
the  soda  or  fiotassa  would  accordingly  afterwards  fail  to  effect  the  com- 
plete precipitation  of  the  nickel. 

3.  Mix  the  slightly  acidified  solution  of  nickel  with  bicarbonate  of 
ammouiAy  so  that  the  free  acid  may  be  neutralized,  and  the  solution  may 
contain  a  small  excess  of  the  bicarbonate  of  ammonia,  together  uith  free 
carbonic  acid,  and  then  pass  hydrosulphuric  acid  gas  through  the  mix- 
ture. Precipitation  will  promptly  ensue.  Filter,  and  treat  the  precip- 
itate as  in  a. 

fy,  Wlien  a  boiling  solution  of  sulphide  of  sodiura*  is  added  to  a 
hoilmg  solution  of  a  salt  of  nickel,  sulphide  of  nickel  is  tlirown  down 
completely,  and  may  be  filtered  and  washed  with  hot  water  without  the 
least  oxidation.  It  is  best  to  add  some  acetic  acid  before  filtering,  to 
destroy  any  excess  of  sulphide  of  sodium,     (OiBBS^f)] 

It  ia  not  advisable  to  convert  the  sulphide  of  nickel  in  Ni^S,  by  ignit- 
ing in  hydrogen  with  addition  of  sulphiir,  and  in  this  form  to  weigh  it, 
as  the  composition  of  the  residue  is  not  quite  constant.     (H*  Rose.) 

e.  ^y  direct  Ignition. 

The  same  method  as  described  §  100,  1,  «,     (Manganese.) 

§111. 

4.  PROTOxmE  OP  Cobalt, 
&  Solution^ 

Protoxide  of  cobalt  and  its  compounds  behave  with  solvents  like  the 
coTr«sfx)nding  compounds  of  nickel;  metallic  cobalt  like  metallic  nickeL 
The  protosesquioxido  of  cobalt  obtained  by  Sckwarzenbebg  in  microscopic 
oetahedra  does  not  diHsrdve  in  boiling  hydrochloric  acid,  or  nitric  acid,  nor 
initrohydrochloric  acid ;  but  it  dissolves  in  concentrated  sulphuric  acid, 
in  fusing  bisulphate  of  potassa. 

&  I}$i€rmination, 

Gdbttlt  may  be  weighed  as  m^J^i^  cohalt^  protoxide  of  cobalt^  »idphatA 
of  protoaeidiS  ef  cobalt ^  and  nitrite  of  cohetlt  and  jwta^tia.  The  conversion 
into  protoxide  is  often  preceded  by  precipitation  as  hydra! ed  sesquioxide, 
and  conversion  into  the  sulphate  by  precipitation  as  sulphide  of  cobalt. 

We  may  convert  into 

1,  Metallic  Cobalt. 

All  salts  of  cobalt  that  may  be  reduced  directly  by  hydrogen  gas  (chlo- 
ride of  cobalt,  nitrate  of  protoxide  of  cobalt,  carbonate  of  pi-otoxide  of 
cobalt,  &c,)  and  all  the  oxides. 

•  [  Pure  sulphide  of  Bodium  may  be  procured  by  dissolyiiig  Grystalilted  sul- 
pbide  (NaS.  9  HO),  in  alcobol  of  00  pf^  4€tU.  mnd  recrystalliziug  two  or  threa 
times  from  tho  solvent.  The  pure  rait  is  dried  in  vacuo,  and  the  white  ©f * 
floreaoed  mara  preserved  in  a  weU-itoppered  bottle.     (Gibbd.)! 

[  f  Am.  Jour.  Bd  2d  Ser.  37»  850.] 
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2.  Protoxide  op  Cobalt, 

All  salts  of  cobalt  which  are  soluble  in  wakr,  or  m  stronger  acids,  wit] 
Beparation  of  their  acid,  except  those  with  non-volatile  oqgauic  acidi 
Also  all  the  higher  oxides,  and  all  salts  whose  acids  are  destroyed  or 
expelled  by  ignition* 

3.  Sulphate  of  Protoiidk  of  Cobalt. 
All  compounds  of  cobalt  without  exoeptioii. 

4.  Nitrite  of  Cobalt  and  Fotaska. 

All  compounda  of  cobalt  soluble  in  water  or  acetic  acid. 

!♦  Determination  as  3felallic  Cobalt 

Evaporate  the  solution  of  chloride  of  cobalt,  or  of  nitrate  of  protori< 
of  cobalt,  which  must  be  free  from  sniphunc  acid  and  alkali^  in  a  weigbi 
crucible,  to  drjTiess ;  cover  the  crucible  with  a  lid  having  a  small  ap©] 
ture  in  the  middle,  condtict  through  this  a  moderate  current  of  pi 
dry  hydrogen  gas,  and  then  apply  a  gentle  heat,  which  is  to  be  incr*eii 
gmdnally  to  intense  re  duress.    When  the  reduction  is  considered  complei 
let  the  reduced  metal  cool  in  the  current  of  hydrogen  gas,  and  weigh 
ignite  again  in  the  same  way  and  repeat  the  process  until  the  weight  of^ 
the  reduced  metal  renmuB  constant.     The  results  are  accurate.     For  the 
properties  of  cobalt,  see  §  80. 

[The  oxides  of  cobalt  which  have  been  precipitated  by  an  alkali  after 
ignition  may  b^  reduced  in  the  same  manner.     The  metal  retains  a  snui 
portion  of  alkali  which  may  be  removed  by  washing  with  hot  water  do^ 
to  nnweighablo  traces.     Unless  alkali  absolutely  free  from  silica, 
platinum  vessels  be  employed  in  the  precipitation,  the  metal,  after  we:  _ 
ing,  should  be  dissolved,  the  solution  evaporated  to  dryness  on  the  watei^ 
bath,  that  any  residue  of  silica  may  be  sepai-atcd.] 

As  regardfi  the  apparatus  to  be  employed,  see  tig.  47,  p.  181, 

[2,  Determination  as  T*rotoxide  of  Cobalt, 

a,  Hf/  Dreeipitaiion  as  Hydralad  Seftquioadde, 

The  solution  is  precipitated  exactly  as  descril^d  for  nickel,  with  soluti< 
of  soda  imder  addition  of  a  hypochlorite.  §  110,  a.     The  precipitate 
also  furt.her  treated  as  there  dinjicttid,  with  the  iuntortant  dilTerenoe  thj 
the  dried  j^recipitnte  is  ignited  and  cooled  in  a  stream  of  pure  carboi 
acid  gas  until  the  weight  remains  constant.     See  §  80. 

When  precipitated  as  hydi'ated  sesquioxide  with  reagents  free  fronr 
silica,  &C.J  the  precipitate  retains  but  triHing  traces  of  alkali^  and  the 
method  is  very  accurate.  , 

b.  Dy  IgniCion. 

Carbonate  and  nitrate  of  cobalt  arc  ignited  in  a  stream  of  oarlK>nic 
acid  as  above.     Organic  salts  are  ignited  in  the  air  until  carbon  is  h\xrm 
of!',  and  then  in  an  atmosphere  of  carbonic  acid. J 

3.  DeierminatUm  as  jSuIpImU  of  Protoxide  of  Cobalt, 

a.  By  direct  Conversion* 

The  solution  is  evaporated  to  dryness,  in  a  platinum  dish  or  platinum 
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emcjble^ — (directly,  if  it  contains  sulphate  of  protoxide  of  cobalt ;  but 
if  it  contains  &  volatile  acid,  after  addition  of  a  slight  excess  of  sulphuric 
acid) — and  the  residue  cautiously  heated,  at  a  gradually  increased  tem- 
pera tare,  which  is  finally  raised  to  gentle  redness  :  the  application  of 
heat  is  continued  until  no  more  fumes  escape  and  the  weight  of  the  cruci- 
ble remains  constant.  In  order  to  avoid  8]>irting  while  heating,  it  is  well 
to  hold  the  flame  above  the  crucible,  and  let  it  play  on  the  cover. 

After  Weighing,  the  salt  is  treated  with  hot  water.  If  tliis  fails  to  effect 
eomplete  solution  (a  sign  that  the  salt  has  become  basic)  the  resitliie  is 
diMolved  in  hydrochloric  acid,  and  the  amount  of  sulphuric  acid  is  then 
tttiiiuit<«d  in  the  solution,  as  directed  §  132;  the  dilierence  will  be  the 
|)rot<jxidc^  of  cobalt.     The  results  ai-e  accurate. 

For  the  properties  of  sulphate  of  pmtoidde  of  cobalt  see  §  80. 

h,  J^eceded  hy  Prtdpit^iion  as  Sulpkult!!  of  Cobalt 

pitate,  decant,  filter  and  wash  exactly  as  directed  for  sulphide  of 
ig»zu?se  (§  109,  1,  c),  dry,  and  redissolve  as  directed  §  110,  6,  a  (Sul- 
phide of  nickcL) 

The  volution  obtained  contains  invariably  sulphuric  acid;  the  amount 
of  the  cobalt  is  determined  according  to  3,  a,  taking  care  to  evajK^rate  tho 
fiuid,  which  contains  nitrohydrochloric  acid,  in  a  porcelain  dish,  with 
iiUUtiou  of  sulphuric  acid,  to  dryness,  before  transferring  the  residue,  with 
^|-..i    .,-  ^^,  to  the  platinum  dish.     The  results  are  accn rate, 

}  properties  of  the  sulphide  of  cobalt  see  §  80;     The  sulphide 

of  cuL«all  cunnot  be  brought  into  a  weighable  form  by  ignition  in  hydrogen, 
iS  the  residue  is  a  variabie  mixtui'o  of  dilTerent  sulphides  (II.  Kuse). 

4«  D^ermination  09  IfUrite  of  Cobalt  and  Potassa  (ujsed  principally 
in  €»sm  of  »ef»aration). 

Bilix  the  cobalt  solution,  which  must  not  be  too  dilute  (at  the  most, 
300  parta  of  wat^r  U>  1  of  protoxide  of  cobalt),  with  a  coucentrated  solu- 
tion of  nit  rite  of  pottLSsa  ;  achl  acetic  acid  in  quantity,  a  little  more  than 
miflicieut  to  redissnlve  the  precipitate,  which  is  at  first  protluc*Kl  in  the 
solution  by  the  free  potassa  and  carbonate  of  potassa  eoutuiued  in  the 
Tiitrite.  Cover  the  beaker  i^^th  a  clock-glass,  and  let  it  stand  12  to  2i 
liaUTii  in  a  warm  place.  Collect  the  yellow  pi^cipitate  on  a  weighed  tilter, 
wi&ah  tluironghly  with  an  aqueous  solution  of  neutral  acetate  of  pot^issa 
(conteinJnt,'  10  per  cent,  of  the  salt),  to  which  some  nitrite  of  potassa  is 
ad  1:ice,  finally,  the  last  portion  of  solution  of  acetate  of  potassa 

sti»  »g  to  the  precipitate,  by  means  of  spii^it  of  wine  of  HO  per 

cent.,  dry,  igmte,  incinerate  the  filter,  moisten  the  whole  with  sulphuric 
acid^  drive  off  the  excess  of  the  latter  (see  4:5  ^'^t  1)>  ^^^  weigh  the 
n--sidue  which  consists  of  2  (Co  O,  S  O,)  4-  3  (K  O,  S  O,).  Gibbs  and 
GEJfTH  f  have  obtained  good  results  by  this  method. 

100  parts  of  the  residue  are  equivalent  to  18^014  parts  of  Co  O. 
[Or  dissolve  the  nitrite  of  cobalt  and   potassa  in  hydrochloric  acid, 
preicipitAte  by  potuaa,  reduce  tho  washed  precipitate  by  hydrogen,  and 
weigh  the  wa^lied  metal.  (H.  Rosk.)] 

[To  weigh  tlje  pi*ecipitate  dried  at  100*^  is  not  recommended,  since 
£lu>XA}fN  has  shown  that  its  content  of  water  and  nitrogen  is  variable. 
See  §80.] 

•  The  operation  must,  at  all  eventii.  be  flniBhid  in  a  platinum  ve^ci 
f  Aiuua.  d.  Chem.  u.  Fharm,  104,  »00.  
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§  112. 
5.  Peotoxide  of  Iiiov. 

€L   Solution. 

Many  of  the  compounds  of  protoxide  of  iron  are  soluble  in  ' 
The  compounds  insoluble  in  water  dissolve  almost  without  exeej>tion  id 
hydrochloric  acid,  in  which  the  pur©  protoxide  also  is  soluble ;  the  bo1i| 
tions,  if  not  prepared  with  perfect  exclusion  of  air,  and  with  solvenfl 
absolutely  free  from  air,  couttuu  invariably  more  or  less  8e9<]uiehlorid 
In  eases  where  it  is  wished  to  avoid  the  chance  of  oxidation,  the  solutia 
of  the  compound  of  protoxide  of  iron  is  ettectad  in  a  small  flask,  thi-ou 
which  a  alow  current  of  carbonic  acid  gas  is  passed,  the  transmissioo  of  th 
gas  being  continued  until  the  solution  is  cold.  Many  native  proto-coB 
pounds  of  iron  cannot  he  thus  dissolved.  They  are,  indeed,  rendet* 
soluble  by  fusing  with  carbonate  of  scnJa,  but  in  this  process  the  protox- 
ide of  iron  is  converted  into  sesquioxide  It  is  therefore  advisable  to 
heat  such  substances  (in  the  finest  powder)  with  a  mixture  of  3  parts 
concentrated  sulphuric  acid  and  1  part  water  in  a  strong  sealed  tube  of 
Bohemian  glass  for  2  hours  at  about  SIO'',  or — ^in  the  case  of  silicates — 
to  warm  them  with  a  mixture  of  2  parts  hydrochloric  acid  and  1 
strong  hydrofluoric  acid  in  a  covered  platinum  dish  (A.  MlTstHEEUuH^ 
See  also  Cooke's  method  of  solution,  j>.  — ).  Metallic  iron  dissolves  f 
hydrochloric  acid,  and  in  dilute  bulfiburic  acid,  with  evolution  of  hydro- 
gen, as  protochloride  or  sulphate  of  protoxide  respectively ;  in  warm  ni- 
tric acid  it  dissolves  as  nitrate  of  ses(|uioxide,  and  In  nitro-hydrocliloric 
add  as  Beaquichloride. 

6.  Determination. 

Protoxide  of  iron  may  be  estimated  1,  by  dissolving,  converting 
sesquioxide  and  determining  the  latter  gravimetrically  or  volumetricallj 
2,  by  precipitating  as  sulphide,  and  weighing  it  as  such,  or  determii] 
it  after  convemon  into  sesquioxide ;  3,  by  a  direct  volumetric  nietho 
4,  by  treating  with  terchloride  of  gold,  and  weighing  the  reduced  gold«^ 

The  methods  1  and  2  am,  of  coui*se,  only  applicable  when  no  aeaqni* 
oxide  is  pi-esent  with  the  protoxide ;  tlie  method  2  is  scarcely  ever  uaed 
except  for  sejmrations.  The  methods  included  under  3  are  adapted  to 
most  eases  and,  in  absence  of  other  reducing  substances,  are  espe- 
cially worthy  of  recommendation.  The  method  4  will  be  briefly  treated 
of  in  the  supplement  to  §|  112  and  113, 

As  the  determination  of  iron  as  sescpiioxide  belongs  to  §  113,  and  aa 
the  process  for  precipitating  the  protoxide  as  sulphide  is  the  fiame  as 
that  for  precipitating  the  sesquioxide  in  this  form,  nothing  renmius  for 
us  here  but  to  describe  the  methods  of  converting  the  protoxide  into  the 
sesquioxide  and  the  processes  included  under  3, 

L  Methods  of  converting  Protoodde  of  Iron  into  JSe^fuioaide. 

a.  Methods^  applieaUe  in  aU  oomi. 

Heat  the  solution  of  protoxide  of  iron  to  be  oaddized  with  hydnr 
chloric  acid  and  add  small  portions  of  chlorate  of  potassa,  till  the  fluid, 
even  after  warming  for  some  time,  still  smells  strongly  of  chlorine.  Our 
object  may  be  also  attained  by  passing  chlorine  gas  or — in  the  caae  of 
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small  quantities — by  addition  of  chlorine  water.  If  the  aolution  is  re- 
quired to  he  free  from  excess  of  chlorine,  it  is  finally  heated,  till  all  odor 
of  that  gaa  has  disappeared. 

6.  Methods  which  are  on^y  suitable  when  the  iron  ia  to  he  suhsequerUly 
preeipikUed  by  ammonia^  ae  hydrated  sesqui^mds^ 

Mix  the  solution  of  the  protoxide  of  iron  in  a  flaak  with  a  little 
hydrochloric  acid,  if  it  does  not  already  contain  any ;  add  some  nitric 
acid,  and  heat  the  mixture  for  some  time  to  incipient  ebullition.  The 
color  of  the  fluid  will  show  whetlier  the  nitric  acid  has  been  added  in 
sufficient  quantity.  Though  an  excess  of  nitric  acid  does  no  harm,  still 
it  ia  better  to  avoid  adding  too  much  on  account  of  the  subsequent  pre- 
cipitntion^  In  concentrated  solutions,  the  addition  of  nitric  acid  pro* 
duces  »  dark-brown  color,  which  disappears  upon  heating,  This  color  is 
owing  to  the  nitric  oxide  formed  diaaolving  in  the  still  unoxidized  por- 
tion of  the  solution  of  the  protoxide. 

f,  Mnhod^  which  can  be  employed  mdy  when  the  eeequuxmde  of  iron 
to  he  determined  volu metrically. 
Ad  to  the  hydrochloric  solution  small  quantities  of  artificially  pre- 
iron-free  binoxide  of  manganese,  till  the  solution  is  of  a  dark 
olire  green  color  from  the  formation  of  sesc|uichloride  of  manganese ; 
boil  till  this  coloration  and  the  odor  of  chlorine  have  disappeared  (Fk. 
Mohb)  ;  or  you  may  udd  puiT  permanganate  of  potassa  (in  crystals  or 
conoentntt^Kl  solution)  till  the  fluid  is  just  red  and  then  boil,  till  the  red 
colar  and  chlorine-odor  have  vanished.  Thesis  methods  present  the  ad- 
■mitting  complete  oxidation  without  the  use  of  any  consid- 
of  the  oxidijcing  agent. 

2.  ^siimation  by  Volumetric  AnedyHs, 

a.  MARonERiTE^s  Method, 

This  methwl  Ls  baaed  ufK>n  the  following  principle ; — 

If  we  add  to  a  solution  of  protoxide  of  iron,  containing  an  excess  of 
yulphtuic  acid,  permanganate  of  potassa,  the  former  ia  oxidijted  at  the 
expeoae  of  the  latter  [10  (Fe  O,  SO,)  -f  8  S  O,  +  K  O,  Mn,0,  =  5  (Fe, 
O^  3  8  O,)  H-  K  O,  S  O;,  -f  2  (Mn  O,  8  O,)].  Now  if  we  possess  a  solu- 
lioo  of  permanganate  of  potassa,  and  know  how  much  iron  ILMJ  c.  c.  of 
it  can  convert  from  the  condition  of  protoxide  to  that  of  ses^piioxide, 
w«  OMI,  with  this,  readily  determine  an  unknown  quantity  of  iron ;  we 
bftve  simply,  for  this  purpose,  to  dissolve  the  iron  in  acid,  in  the  form 
of  |irotaxide^  to  oxidiie  the  solution  accurately,  and  note  how  many  c, 
c,  of  tht»  solution  of  permanganate  of  potassa  have  been  used  to  aceom- 
f^liili  thftt  object. 

€u  Ddterminalicn  of  the  Strength  of  the  Solution  of  PermtmgmnaU 
ofJ^atoMO, 

The  proceiw  of  preparing  a  solutioo  of  permanganate  of  potassa  having 
beefn  described  already  in  §  05,  \  I  will  at  once  proceed  to  give  tlie  sev- 
onJ  methods  employed  to  determme  the  Btrength  of  the  solution. 

Either  of  the  three  subjoined  methods  may  be  selected  for  the  pur- 
pose ;  or,  the  strength  having  been  determined  by  one  method,  it 
ikiaj,  hj  way  of  control,  be  determined  once  more  by  one  of  the  other 

Solution  of  permanganate  of  potassa  prepared  from  the  pure  cry  stal- 
ls 
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li»©d  mXty  doea  not  alter,  if  carefully  kept ;  on  the  contrary ,  if  it  contaiiui 

froc  potossa  or  manganate  of  potasaa,  it  sulferB  gi*adual  decampositioD, 
and  each  analysis,  made  after  an  interval  of  even  only  a  day,  most  be 
preceded  by  a  fireBh  determination  of  its  strength. 

oa.  Determination  of  the  Strength  by  means  of  Metallic  Iran, 
Weigh  off  accurately  about  0"2  grm.  of  thin,  dean  iron  wire  (piano* 
forte  wire)  ;  introduce  this  into  a  small  long-necked  flask,  add  about  20 
Ov  c.  of  dilute  sulphuric  acid,  and  the  same  quantity  of  water,  secure  the 
6aHk  in  an  oblitpe  position,  by  means  of  a  retort-holder;  transmit 
through  it  a  slow  current  of  carbonic  acid,  and  then  heat  the  fluid  to 
gentle  ebullition. 

Fig.  48  bhows  the  an^mgement  of  the  apparatus.    When  the  iron  has. 
diaaolvedj  allow  to  cool^  keeping  up  the  current  of  carbonic  acid,  tbei^^ 


Fig.  48. 

fill  the  flask  two-thirda  with  distilled  water ;  smear  the  rim  with  a  little 
tallow,  pour  the  contents  cautiously  into  a  beaker  of  about  400  c.  c 
capacity,  and  transfer  the  last  particles  from  the  flask  to  the  beaker  by 
repeated  rinsing  with  cold  water.  The  total  quantity  of  fluid  should  be 
about  200  c.  c.  Place  the  beaker  on  a  sheet  of  white  paj>er,  or  better, 
on  a  aheet  of  glass,  with  white  pajier  underneath. 

Fill  a  Oay^Litssac's  or  Geisslek'^s  burette  of  30  c.  c.  capacity^  divided 
into  ^  c,  c.  (see  §§  22,  23,  figs.  13  and  14),  up  to  zero,  with  solution  of 
permanganate  of  pota^^  of  which  take  care  to  have  ready  a  sufficient 
quantity,  |>erfectly  clear  and  luiiformly  mixed. 

Now  add  the  periuiinganate  to  the  iron  solution,  stirring  the  latter  all 
the  while  with  a  glass  rod.  At  first  the  red  droits  disappear  very  rapid* 
ly,  then  more  slowly.  The  fluid,  which  at  first  was  nearly  colorlesSi 
gnwlually  acquires  a  yellowish  tint.  From  the  instant  the  red  drops  be- 
gin to  disappear  mare  slowly,  add  the  permanganate  with  more  cantion 
and  in  single  drops,  until  the  last  drop  imparts  to  the  fluid  a  faint,  but 
unmistakable  redtlish  color,  which  remains  on  stirring.  A  little  ptucdoe 
will  enable  you  readily  to  hit  the  right  point  As  soon  as  the  fluid  in 
the  burette  has  sujfficiently  collected  again,  read  off^  and  mark  the  num- 
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of  c  c.  i^aed.  The  i*eading  off  must  be  performed  with  the  greateat 
»  (ace  8  22) ;  the  whole  error  should  not  amount  to  -j^  c,  c. 
If  0*2  grm.  iron  have  taken  from  20  to  30  c.  c,  of  penrianganat-e,  the 
hitter  may  be  considered  to  be  of  the  proper  degree  of  con  eventration  for 
deternduiitions  of  iron.  If  much  less  has  been  used  in  theprocesB, 
lution  is  too  concentmteil.  In  that  case  add  to  the  entire  quantity 
cient  amount  of  water  to  give  it  approximately  tiie  right  degreo 
of  coiiOL*ntratioQ ;  then  repeat  the  above  experiment  with  a  fi'esh  amount 
l>f  iroru  If,  on  the  other  hand,  considerably  more  than  30  c.  c.  of  perman- 
-te  have  been  used  for  0*2  grm.  iron,  the  solution  is  not  exactly  unfit 
tor  use,  but  working  with  it  becomes  the  more  tedious  and  inconveident 
'  le  more  its  degree  of  concentration  ditfers  from  that  given  above. 
When  you  have  completed  the  experiment  with  a  solution  of  approxi- 
1y  proper  concentmtion,  calculate,  by  a  simple  proiiortionj  how  much 
100  c«  c.  of  the  solution  will  convert  from  the  state  of  protoxide  to 
of  seaqiiioxide.  Supposing,  for  instance,  you  have  used  to  0*210 
iroDf  23vi  c.  e.  of  the  permanganate,  then  we  sjiy 

23-5  :  100:: 0-2 10  :  x  ic  =  0'893C  (grm.  iion). 

As  the  accuracy  of  all  eRtimations  made  with  the  solution  of  perman- 
ganate of  potttssa  dejiends  npon  the  correct  determination  of  the  strength, 
it  is  always  advisable  to  repeat  the  expeiiment. 

As  even  the  purest  iron  wire  i»  not  chemicially  pure,  but  contains  a 
little  carbon,  it  is  well,  in  analyses  reqniiing  the  very  highest  degree  of 
f  .to  re<l«ce  the  weight  of  the  iron  wire  use<l  in  the  process,  by 

I  ition  with  O'UyT,  to  the  corresponding  weight  of  chemically  pure 

II  "li.      IblH  rtiduction  is  based  uyjon  the  generally  correct  supposition 
that  the  wire  contains  0*3  per  cent,  of  extraneous  matter. 

If,  in  the  two  exjjeriments  made  for  the  purpose  of  determining  the 
•tn'Ti'j^h  of  the  solution  of  permanganate  of  potassa,  the  quantities  of  iix>ii 
7  ly  corresponding  to  100  c.  c,  of  solution,  differ  only  about  1,  2, 

I  ui.  {[yer  gi'm.),  the  results  may  be  considered  |>erfectly  satisf ae- 

ry.    But  if  the  diiference  is  considerably  greater,  a  third  expciiment 
QSl  be  made. 

If  there  is  a  deficiency  of  free  acid  in  the  solution  of  iron,  the  fluid 

brown  color,  turns  turbid,  and  deposits  a  brown  precipitate 

ide  of  manganese  and  aesqtuoxide  of  iron).    Tlie  same  may  htipi>en 

If  the  solution  of  jiermanganate  of  potassa  is  added  too  quickly,  or 

the  proper  stirring  of  the  iron  solution  is  omitted   or  interrupted, 

.mente  attended  with  abnorrrml  manifestations  of  the  kind  should 

be  rejected.     That  the  fluid  reddened  by  the  last  drop  of  solution 

iiate  of  potassa  added,  lose??  its  color  again  after  a  time,  need 

&a  vurpriae  or  uneasiness ;   this  decolorization  is,  in  fact,  quite 

as  a  dilute  solution  of  free  permanganic  acid  cannot  keep  long 

ipoaed. 

W.  JUUmnnation  of  the  Strength  hy  meant  of  Sulphate  of  Protoxide 
yf  Jrtm  Qfyi  Ammmiia,, 
Weigh  ort*,  with  the  greatest  accuracy,  abont  1*4  grm*  of  the  pure 
karFcl  according  to  the  directions  given  in  §  65,  4,  after  yiowdep- 
le  fsrystala,  and  preeaing  between  sheets  of  smooth  blotting-paper. 
ve  io  about  20U  c,  c.  distilled  water,  add  about  20  c.  c,  dilute 
uric  acid,  and  proceed  as  in  oo. 
sulpliate  of  protoxide  of  iron  and  ammonia  contains  exactly  \  of 
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its  weight  of  iron,  the  calculation  required  to  show  the  value  of  100  c  o. 
of  permanganate  is  very  simple.  Supposing,  for  instance,  25  c.  c.  of  per^ 
manganate  to  have  been  consumed  to  1*400  grm.  of  the  iron  salt,  then, 

we  have  ^'^— a  o 

y- 0-2 

and  25  :  100  : :  0-2  :  x;  a=0-8 

If  the  sulphate  of  protoxide  of  iron  and  ammonia  used  is  not  pore,  if^ 
for  instance,  it  contains  bases  isomorphous  with  protoxide  of  iron  (pro- 
toxide of  manganese,  magnesia,  &c.)  ;  or  if  it  contains  sesquioxide,  or  ia 
used  in  a  moist  condition,  the  result  will  of  course  be  too  high. 

cr,  I^ttfrinination  of  the  Strength  hy  means  of  Oxalic  Add, 
Thb  method  is  based  upon  the  following  principle : — 
If  Si^Iutiou  of  [H'rmanganate  of  potassa  is  added  to  a  warm  solution  of 
oxalio  aoid«  mixed  with  sulphuric  acid,  the  liberated  permanganic  add 
iustaiitiv  oxiilizes  the  oxalic  acid  to  carbonic  acid  [5  C,  O,  -f-  3  S  0,-f 
K  i\  Mil .  O,  =  10  C  O,  -f  2  (Mn  O,  S  O,)  -|-  K  O,  S  O,].  For  the  oxida- 
tiv^ti  of  I  tH).  oxalic  acid  (Cg  O,)  and  2  eq.  iron  (in  the  state  of  protoxide) 
«\|ua1  quantities  of  permanganic  acid  are  accordingly  required;  there- 
li»rt\  o:>  jvirts  (1  eq.)  of  crystallized  oxalic  acid  correspond,  in  reference  to 
the  oxidizing  action  of  permanganic  acid,  to  56  parts  (2  eq.)  of  iron. 

Hy  dissolving  0*3  grm.  pure  crystallized  oxalic  acid  (§  65,  1),  or  4*5 
grin,  of  the  pure  hydrate,  dried  at  100°,  in  water,  to  1  litre  of  fluid,  a  deci- 
uornial  solution  of  oxalic  acid  is  obtained,  which  is  exactly  suited  to  our 
prt*si»nt  purpose.  50  c.  c.  of  this  solution,  which  correspond  to  0"315 
grm.  ervstallized  oxalic  acid,  or  0*28  grms.  iron,  are  introduced  into  a 
lH»Hkei\  diluted  with  about  100  c.  c.  of  water,  from  6  to  8  c.  c.  of  cone. 
Bulpluirio  noid  added,  and  the  Huid  heated  to  about  60°.  The  beaker  is 
tht^n  plaoed  on  a  sheet  of  white  paper,  and  permanganate  added  from  the 
bun^tte,  with  stirring.  The  red  drops  do  not  disappear  at  first  very 
rapidly,  but  when  once  the  reaction  has  fairly  set  in,  they  continue  fbr 
iM>ine  time  to  vanish  instantaneously.  As  soon  as  the  red  drops  begin 
to  disiippear  more  slowly,  the  solution  of  permanganate  of  potassa  must 
bit  tidded  with  great  caution  ;  if  proper  care  is  taken  in  this  respect^  it  is 
easy  t-o  iH>inplete  the  reaction  with  a  single  drop  of  permanganate ;  this 
ooinpletic>nof  the  reaction  is  indicated  with  beautiful  distinctness  in  the 
colorless  thiid.  The  number  of  c.  c.  used  corresponds  to  0*28  grm.  iron* 
If  the  oxalic  acid  was  not  perfectly  dry,  or  not  quite  pure,  the  result  of 
the  exporinieut  will,  of  course,  lead  to  fixing  the  strength  of  the  solution  of 
pormangiina  te  of  potassa  too  high.  Instead  of  pure  oxalic  acid,  Saikt-Gilucs 
lias  pn>posed  to  use  crystallized  oxalate  of  ammonia  (N  H4  O,  G,  O,  +  aq.). 
This  can  easily  be  prepared  in  the  pure  state,  keeps  well,  and  can  be 
weighed  with  accuracy.  It  is  not  however  advisable  to  keep  a  standard 
solution  of  this  salt  in  store,  as  it  is  liable  to  spoiL  71  parts  of  the 
crystallized  salt  correspond  to  56  parts  iron. 


Of  the  foregoing  three  methods  of  standardizing  solution  of  permangih    ^ 
nate  of  pota-ssa,  the  first  is  the  one  originally  proposed  by  MaroubeitIi    j 
Sulphate  of  protoxide  of  iron  and  ammonia  was  first  proposed  by  Fr.  MoKly 
and  oxalic  acid  by  Hem  pel,  as  agents  suitable  for  the  purpose.     With 
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almoin U'ly  pure  azid  thoroughly  dry  reagentA,  and  proper  attention,  all 
tJin*«  methods  give  connect  results. 

For  my84.4f,  I  prefer  the  firbi  method,  as  the  most  direct  and  positive, 
the  only  doubtful  [X)iiit  about  it  being  tJie  question  whether  tlie  aasutup- 
tion  that  the  iron  wii^e  euaUiins  99 "7  per  cent,  of  chemically  pure  iron  in 
^|Rlite  correct;  this,  however,  i&  of  very  trifliug  impoitiiuce,  us  the  error 
<Mlld  not  excoml  r^^  or  -f^  \h5V  cent.  But  iLe  other  two  methods  are,  as  may 
readily  be  s^'cn,  aomewhut  more  convement,  siuce  in  oue  of  Oiem  the 
trouble  is  saved  of  preparing  the  solution  of  iion,  and  in  the  other  there 
is,  moreover,  no  need  of  weighing.  These  advantages,  however,  which 
were  couaiderable  when  the  impure  permanganate  aolution  that  was  uaod 
reqiiired  fresh  standartiizing  every  day,  have  now  lost  their  value,  as  the 
pujie  solution,  uow^  geuerally  employed^  keeps  unaltered. 

For  tlie  analysis  of  very  dilute  solutions  of  iron,  e.r/.,  chalybeate  water, 
in  which  the  amount  of  ii^on  may  >)e  very  approximately  determined  witli 
great  expedition,  by  direct  oxidization  with  jiermanganate,  a  very  dilute 
atiuidiirxi  solution  must  bepi*epared;  of  w^hich  100  c.  e.  eorrespoml  to  say 
0*1  gmuiron.  Such  a  solution  should  be  directly  stnndardized  with  corre- 
spondingly small  quantities  of  iron,  or  the  iron-double -salt,  and  boiled 
water  should  be  used. 

lu  ex[*eriment8  of  this  kind,  the  fact  that  a  certain  quantity  of  perman- 
ganMt4[>  in  required  to  impart  a  distinct  colf)r  to  pure  aeidiiied  wat^r  (which 
i««f  no  consequence  in  operations  where  the  coiiceut rated  solution  is  used) 
wuiit  be  taken  into  consideration  ;  for  where  the  solution  uned  is  so  hi|^hly 
dilute,  it  takes  indeed  a  measurable  quantity  of  it  to  impart  the  desired 
rv^dish  tint  to  the  amount  of  water  employed.  In  such  ca«es,  the  volume 
of  the  solution  of  iron  used  for  standardizing  the  permanganate  and  the 
Tolume  of  the  weak  ferruginous  solution  subjected  t4>  analysis  should  be 
the  Muno»  and  either  the  two  solutions  should  contain  about  the  same  quan- 
tity of  iron,  or,  by  means  of  a  special  experiment,  it  ia  aseertidiied  how 
"^  *y  tV  ^'  ^*  ^^  *^®  permanganate  are  required  to  uupart  the  desir-ed  piale 
color  to  the  same  volume  of  acidified  water.  In  the  latter  case,  these 
^  c.  c.  "vriW  be  deducted  from  the  amount  of  permangaiuite  used  in  the 
rrgular  experiments,  \ 

U.  jP«rfurmani?«  of  tke  Anali/llcfd  Process. 

Tliishas  been  fully  indicated  in  a.  The  compoimd  to  be  examined  is 
di&solved,  preferably  with  apjiHcution  of  a  current  of  carbonic  acid  (see 
fig.  48,  p.  rJ4),  in  water,  or  dilute  sulphuric  acid,  allowed  to  cool  in  the 
current  of  carbonic  acid,  and  suitahly  tliluted  (if  practiadde,  the  solution 
of  a  substance  containing  about  02  gnu.  iron  should  be  diluted  to  about 
200  c.  c.)  ;  if  free  acid  is  not  yet  present  in  sufficient  quantity,  about 
20  c  e.  of  dilute  sulphuric  acid  are  added,  and  then  staud^ird  permau- 
pamiUb  from  the  burette,  to  incipient  reddening  of  the  tluid.  The  volume 
of  stmulard  »<ilutiou  used  is  tlien  read  off.  Tlie  strength  of  the  solution 
of  ]>eniiailgaikate  being  known,  the  quantity  of  iron  present  in  the  examined 
fiuiil  i«  found  by  a  very  simple  calculation.  Suppose  100  c.  c.  of  solution 
of  J  tnate  of  potasaa  to  correspond  to  0'9H  grm.  iron,  and  25  c.  c. 

of  '-  i<  ju  to  have  been  used  to  etfect  the  oxidation  of  the  protoxide 

of  irun  in  the  examined  compound  ;  then 

100  :  25  : ;  0-98  ;  x\  ar=0*245. 

The  quantity  of  iron  originally  present  in  the  form  of  protoxide 
^gly  to  0'245  grm. 
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For  the  method  of  determining  the  total  amount  of  iron  present  in  a 
Bolution  containing  both  protoxide  and  sesquioxide  of  that  metal,  I  refer 
to  §  113;  for  that  of  determining  the  amount  of  each  separately,  to 
Section  V* 


Note  on   the   Determination   of  Iron  in  Hydkochlorio  Acid 

Solution  by  the  foregoing  Method. 

The  foregoing  prooenB  waa  long  considered  to  be  the  most  convenient 
and  best  for  the  estimation  of  iron.     Lowenthal  and  Lenssen*  Lave 
shown  that  in  solutions  containing  hydroMorie  add^  it  is  essential  that 
the  standardizing  of  the  i-eagent  and  the  actual  analysis  be  i^rtbrmed 
under  the  sauie  circun^stances  as  regards  dilution,  amount  of  acid,  and 
temperature.     Besides  the  proper  reaction  lL>  Fe  O-f-MngOj  — 5  Fe,0, 
+  2  Ikin  O,  the  collatei-al  reaction  7  II  Cl4-Mn;0,  =  5  Cl-h2   Mn  Cl^ 
7  H  ()  also  takes  place,  in  consequence  of  which  a  little  chlorine  is  iibe- 
rattnL     This  chlorine  does  not  oxidize  the  protoxide  of  iron  in  the  cas^ 
of  corjsiderablo  liikition,  but  there  occurs  a  condition  of  equilibrium  it^ 
the  iluid  containing  protoxide  of  iron,  chlorine,  and  hydi'ochloric  acid.^ 
which   Ls  d»^troyed  by  addition  of  a  further  quantity  of  either  bod^r 
(Lowenthal  and  Lenssen,  he.  cii.).     But  since  it  is  diiHcnlt  to  pireser^^o 
the  above  contlitioo  of  obtaining  correct  results,  the  following  proceed- 
ing is  adopts.' tl,  in  presence  of  chlorine. 

Standardize  the  permanganate  by  means  of  iron  dissolved  in  dilute 
sulphuric  acid,  make  the  iron  solution  to  be  tested  up  to  {  litre,  add  50 
c.  c.  to  a  lurge  quantity  of  water  acitlified  with  sulphuric  acid^  adtl  fwjr- 
manganate  fi-om  burette,  then  again  50  c,  c.  of  the  iron  solution^  jR^rman- 
ganate  again,  Jbc,  kc.  The  numbers  obtained  at  the  third  and  fourth 
time  are  taken.  These  are  constant^  while  that  obtained  the  lii^t  time, 
and  sometimes  also  the  second  timej  ditfers.  The  result  multi()Ued  bj  5 
gives  exactly  the  quantity  of  permanganate  proportional  to  the  ainouut 
of  protoxide  of  iron  present. 

I  believe  that  the  reaaou  why  the  attention  of  analysts  was  not  pre- 
viously dii'ecteii  to  the  important  influence  of  hydrochloric  acid  in  ihia 
process,  lay  iu  the  fact  that  it  was  not  customary  to  crystallize  the  per> 
manganiit4i  before  employing  it — the  cmde  solution,  which  contains  tnnch 
chloride  of  putJi^Kinm,  being  used.  Tlie  experiments  were  consequently 
peifoniied  in  the  presence  of  free  hydrochloric  acid,  even  when  sul[)huric 
acid  alone  was  employed  for  dissolving  or  acidifying.  Hence  the  differ- 
ences between  the  results  with  sulphuric  and  hydrochloric  acid  solutions 
were  not  so  large  as  they  are  now,  when  we  work  with  the  ptire  porman- 
ganate. 

h\  Pekxy's  Method  (recommended  subsequently  by  Schabus). 

If  bichromate  of  potassa  is  added  to  a  strongly  acid  solution  of  prot- 
oxide of  ircm,  the  latter  is  converted  into  sesqiiioxide,  whilst  the  chromic 
acid  is  Reduced  to  sesquioxide  of  chromium  (<i  Fe  O-f  2  Or  0,1=^3  Fe^  0^-^- 

Now,  with  O'l  eq.  bichromate  of  potassa=  14*759  grm.  dissolved  to 

1  litre  of  fluid,  0*6  eq,=  16*8  grm.  iron  may  be  oon verted  from  the  state 
of  protoxide  t-o  that  of  sesquioxide^  and  50  c.  c.  of  the  abtjve  solution 
correspond  accordingly  to  0*84  gnm.  iron. 

♦  ZeitBohiift  1  analyt  Cliem.  1,  829.     See  also  361. 
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Care  mmt  be  taken  to  uae  perfectly  pure  blckromate  of  potassa  ;  the 
■Jt  in  lM3Ated  in  a  porcelain  crucible  until  it  is  just  fused ;  it  la  then 
allowed  to  cool  under  the  desic^iator,  and  the  required  quantity  weighed 
off  when  cold,  Be^dea  the  above  solution,  another  should  also  be  pre- 
panMly  ten  times  more  dilute,  and  containing  accordingly  O'Ol  eq.  of 
faiebromate  of  potaasa  in  the  litre. 

It  18  alwayi9  advisable  to  test  the  correctness  of  the  standard  aolutiou 
of  bichromate  of  potassa,  by  oxidizing  w-ith  it  a  known  amount  of  pure 
iron  dissolved  to  protoxide  (see  p,  194,  an), 
j     The  analytical  process  is  performed  aH  follows: — 

The  solution  of  protoxide  of  iron  in  sufficiently  diluted,  mixed  with  a 
tnlBcient  quantity  of  hydrochloric  or  dilute  aiilphuiic  acid,  and  the 
Ititidurd  solution  of  bichromate  of  potassa  slowly  added  from  the  burette, 
the  liquid  being  stirred  all  the  while  with  a  thin  glaaa  rod.  The  fluid, 
which  ia  at  first  nearly  colorless,  speedily  acquires  a  pale  green  tint, 
which  changes  gradually  to  a  darker  chrome-green,  A  very  small  drop 
of  the  mixture  is  now  from  time  to  time  taken  out  by  means  of  the 
itirring*rod,  and  brought  into  contact  with  a  drop  of  a  solution  of  ferri- 
cyanide  of  potassium  on  a  porcelain  plate,  which  has  been  spotted  with 
leveral  of  such  drops.  WTien  the  blue  color  thereby  produced  begins  to 
}oae  the  intensity  which  it  exhibited  on  the  first  trials,  and  to  assume  a 
|ialeT  tint,  the  achlition  of  the  solution  of  bichromate  of  potjima  must  be 
BiorB  carefully  regulated  than  at  lirst,  and  towards  the  end  of  the  pro- 
ipeai  a  fresli  essay  must  be  made,  and  with  larger  drops  than  at  tirst, 
ifler  eodi  new  addition  of  two  drops,  and  finally,  even  of  a  single  drop ; 
Irope  must  also  be  left  for  some  time  in  contact  before  the  ohser^'ation 
is  taken.  When  no  fxirther  blue  colonition  ensues,  the  oxidation  is  ter- 
minjitecL  From  the  remarkable  sensitiveness  of  the  reaction,  the  exact 
kioint  may  he  easily  hit  to  a  drop.  To  heigliten  the  accuracy  of  the  re^ 
lulta,  the  dilute  (U*n  times  weaker)  standard  fluid  should,  just  at  the 
^ad  of  the  process,  be  substituted  for  the  concentrated  solution  of  bichro- 
uate  of  potaasa. 

If  exactly  0*84  grm*  of  the  substance  t-o  be  analyzed  have  been  dis- 
lolved,  the  numbers  of  half  c.  c*  used  of  the  two  standard  fluids  show 
^ow  many  per  cents,  and  tenths  per  cent,  respectively  of  pure  iron  the 
inalyzed  substance  contains  in  the  form  of  protoxide.  For  the  manner 
Df  proceeding  in  presence  of  sesquioxide  of  iron,  I  refer  to  §  11*1  If 
khere  is  a  deficiency  of  free  acid  in  the  solution,  broi^Ti  ehromate  of  ses- 
juioxide  of  chromium  may  form,  upon  which  the  solution  of  protoxide 
rf  iron  exercises  no  longer  a  deoxidizing  action. 

§113. 
6,  Besquioxibe  of  Ihok* 

Soiuticn, 

of  the  compounds  of  senquioxide  of  iron  are  soluble  in  water* 
|uioxide  of  iron  and  most  of  those  of  its  compounds  which  are 
in  water,  dissolve  in  hydrochloric  acid,  but  many  of  them  only 
Jowly  and  with  difficulty  ;  compoundii  of  this  nature  are  best  dissolved 
oncentrated  hydrochloric  acid,  in  a  flask,  with  the  aid  of  heat ;  which, 
ever,  should  not  be  allowed  to  reach  the  boiling-point ;  the  compound 
^  moreover,  be  finely  powdered,  and  even  then  it  will  often  take 
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many  hours  to  effect  complete  solution.  Iron  ores  insoluble  in  hydro- 
chloric acid  are  treated  like  the  corresponding  compounds  of  protoxide 
of  iron  [best  by  fusion  with  carbonate  of  sodaj. 

b,  Detemiination, 

Sesquioxide  of  iron  is  usually  weighed  as  such,  but  sometimeM  as  sul- 
phide (§  81 ).  It  may,  however,  be  estimated  also  indirectly,  and  also  by 
volumetric  analysis,  both  directly  and  after  reduction  to  protoxide.  The 
oonyersiou  of  compounds  of  iron  into  sesquioxide  is  effected  either  by 
precipitation  as  hydrated  sesquioxide,  preceded  in  some  cases  by  precipi- 
tation as  sulphide  of  iron,'  or  as  succinate  or  basic  acetate  or  basic 
formiate  of  sesquioxide  of  iron ;  or  by  ignition.  While  the  volumetric 
and  the  now  seldom-used  indirect  methods  are  applicable  in  almost  all 
oases,  we  may  convert  into 

1.  Sesquioxide  of  Iron. 

a.  By  Precipitation  as  Hydrated  SegqtUoxide. 

All  salts  soluble  in  water  with  inorganic  or  volatile  organic  acids,  anc^^ 
likewise  those  which,  insoluble  in  water,  dissolve  in  hydrochloric  acid^_  ^ 
with  separation  of  their  acid. 

b.  By  Predpiiailon  as  Sulphide  of  Iran. 
All  compounds  of  iron  without  exception. 

c.  By  Precipitation  as  Succinate  of  Seaquioaeide  of  Iron  /  sk:^ 

d.  By  Precipitation  as  Basic  Acetate  or  Formiate  of  Sesq^^i. 

oxide  of  Iron, 
The  compounds  enumei*ated  sub  a. 

e.  By  Igmtion. 

All  salts  of  sesquioxide  of  iron  with  volatile  oxygen  acids. 

2.  Sulphide  of  Iron. 

All  compounds  of  iron  without  exception. 

Tlie  mot  hod  1,  e,  is  the  most  ex]>editious  and  accurate,  and  is  th^^^re- 
fon>  proforriHl  in  all  cases  where  its  application  is  admissible.  "HThe 
method  1,  tu  is  the  most  generally  used.  The  methods  1,  6,  an&  2, 
siM've  principally  to  effect  the  sei>anition  of  the  sesquioxide  of  iron  r:K-^ni 
other  bases;  they  aiv  resorted  to  also  in  certain  instances  where  a  h^  u^" 
applicable,  especially  in  cases  where  su<»ar  or  other  non-volatile  orgaF»nic 
Bubstauivs  aiv  pi>\sent ;  and  also  to  estimate  the  sesquioxide  of  iro"^:"^  ^^ 
it«  compounds  with  phosphoric  acid  and  boracic  acid.  The  methoii^  ^> 
c  and  1,  (/  aii»  used  exclusively  in  separations.  For  the  manner  of  ^^ 
termininsi  the  sesqui<ixide  of  iron  in  the  chromate  and  silicate,  I  v^'^J 
to  §§  130  and  14().  The  volumetric  methods  for  estimating  the  ses**^"i" 
oxide  an^  ustnl  in  technical  experiments  almost  to  the  exclusion  c^f  *^ 
others,  and  are  verj*  fii^juently  employed  in  scientific  analyses. 

1.  I^ctcnni nation  as  SeAjttiojri^feof  Iron, 

<i.  By  Prrripitation  as  Hydrat^i  Sesquioxide, 
Mix  the  solution  in  a  dish  or  beaker  with  ammonia  in  excess,  li^ 
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nesrlj  to  boiling,  decant  repeiUedly  an  to  a  filter,  wash  the  precipitate 
mrtMly  with  hot  water,  dry  thoroughly  (which  very  ip^satly  reduoot 
Uie  Imlk  of  the  precipitate),  and  ignite  in  tlie  manner  directed  in  §  53. 

For  the  properties  of  the  precipitate?  and  reaidyei  aae  §  ^1.  The 
iBislbod  is  fi^  from  sources  of  error.  The  precipilale^  tmder  all  ciicum- 
ft«  even  if  there  ai-e  no  fixed  bodies  to  be  washed  out^  mufit  be  most 

mfuliy  and  thoroughly  wa&hed,  since,  should  it  retain  any  traeea  of 
dUoride  of  ammooium,  a  |H>rtion  of  the  iron  would  voUtLLize  in  the  form 
of  aesqnichloride.  It  is  also  highly  fidvisable  to  di&solvi*  the  weighed 
tvsidue,  or  a  {portion  of  it^  in  strong  hydrochloric  acid,  to  iee  whether  it 
is  (juite  free  from  silicic  acid* 

h,  My  Pneipitaiion  aa  Sulphide  of  Iron. 

The  solution,  in  a  not  too  large  flask,  is  mixed  with  ammonia,  till  all 
the  free  add  is  neutralixed.  (In  the  absence  of  oiiganic^  non-Tolatale 
tohstenees  this  leads  to  the  precipitation  of  a  little  hydrated  seequioxidey 
which,  however,  is  of  no  consequence.)  Add  chloride  of  ammonium,  if 
not  already  present  in  sufficient  quantity,  then  colorless  or  jrellowish  »ul- 
^hide  of  ammonium  in  moderate  excess,  lastly  water,  till  the  fluid  reaehefi 
to  the  iieck  of  the  flask.  Cork  it  up  and  stand  in  a  warm  place  till  the 
|ifecipitate  has  subsided,  and  the  supernatant  fluid  has  a  clear  yellowLsh 
i]i]]earanoe  (without  a  tinge  of  green).  Wash  aa  directed  in  the  case  of 
wphide  of  manganese  (§  109, 1,  c).  Neglect  of  any  of  these  precattticnui 
iwl  oooasion  some  loss  of  substance,  the  sulphide  of  iron  gradually  com* 
Uiing  with  the  oxygen  of  the  air,  and  passing  thus  into  tlie  filtrate  as 
pruitosultihate.  As  this  sulphate  is  repreeipitated  by  the  sulphide  of 
immonium  present,  the  flltrate  assumes,  in  such  cases,  a  greenish  color, 
■od  gnidutiily  deposits  a  black  precipitate,  the  separation  of  which  is 
liighir  promoted  by  addition  of  chloride  of  ammonium.  [See  remarks 
ia[  i  §  ^1,  5,  c  p.  122.] 

AYhen  the  operation  of  washing  is  completed,  the  moist  precipitate  (if 
it  is  not  tlried  and  determined  according  to  2)  is  put,  together  with  the 
fiber,  into  a  beaker,  some  water  added,  and  then  hydrochloric  acid,  until 
the  whole  is  rediss<jlved.  Heat  is  now  applied,  until  the  solution  smells 
ao  longer  of  sulphuretted  hydrogen ;  the  fluid  is  then  filtered  into  a 
husk,  the  residual  paper  carefully  waahed,  and  the  filtrate  oxidized  by 
ksfin;:  ^th  nitric  acid  (set*  g  112,  1);  the  oxidized  solution  is  finally 
pT  i  with  ammonia,  as  in  a, 

H  m  nf  potassio-,  sodio-,  or  ammonio-tartrate  of  sesquioxide  of 
ir  ] «  rable  excess  of  alkaline  carbonate,  the  precipitation 

M  '  o  is  prevented  to  a  greater  or  less  extent  ( B  LU  men att  ) . 

hi  Mil  '  fluid  must  therefore  be  nearly  neutralized  with  an  acid, 

beibre  iL.  ^.^^ imitation  with  the  sulphide  of  ammonium  can  be  effected. 

e.  i?y  PrecipUation  cut  Succinate  of  Sesquioodda  of  Iron^ 

The  solution,  in  a  flask,  is  mixed  with  very  dilute  ammonia,  drop  by 
dT<^,  until  a  smiall  portion  of  the  iron  preci|)itates  in  the  fonii  of  hydnit*.^! 
leaquioxide ;  a  gentle  heat  is  then  a{>plied,  to  ascertain  whether  or  not 
ikt  pfecipitate  will  redissolve.  If  it  redissolTes,  the  addition  of  dilute 
mmonia  is  continuod,  until  the  application  of  heat  fails  to  redissolve  the 
precipitate  formed.  If  it  remains  undissolyed,  and  the  fluid  still  exhibits 
s  brownish  red  color,  all  the  preliminary  conditions  requisite  for  pre- 
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cipitation  with  guccinate  of  ammotua  are  fulfilled.  But  shoiild  the  fluid 
appear  colorless,  thb  Is  a  sign  that  too  much  ammonia  has  been  added ; 
in  which  case  it  will  be  necessary  to  add  a  email  portion  of  hydrochloric 
acid,  and  then  again  some  ammonia,  until  the  desired  point  is  attained. 
To  the  fluid  thna  prepured  is  now  added  a  perfectly  nenti-aj  solution  of 
succinate  of  ammonia,  as  long  as  a  pi*ecipitate  forms ;  a  gentle  heat  ia 
thea  appliefi,  atid  the  fluid  allowed  to  cool ;  when  perfectly  cold  it  is 
filtered,  ajid  the  precipitate  w^jtshed,  Hiat  vdth  cold  w^ater,  finally  with 
warm  am  mania-— which  operatioiij  dejjriving  the  precipitate  in  a  very 
great  measui-e  of  its  acid,  imparts  a  darker  tint  to  it.  The  washed  pre- 
cipitate iii  dried  upon  the  filter  in  the  funnel,  and  then  converted  into 
aesqwioxide  of  iron,  by  ignition  (§  53)*  The  object  of  wasliiiig  the  pre- 
cipitjite  witli  ammonia  is  to  remove  part  of  the  acid,  since,  were  the  pre- 
cipitate simply  waslied  with  water,  a  portion  of  the  sesipiioxide  of  iron 
might  s\itfer  reduction  upon  the  subsequent  ignition  of  the  succinate.  If 
there  is  reason  to  apprehend  that  thi^  has  actually  taken  placie,  some 
nitric  acid  is  added  to  the  precijiitate,  evaporated,  and  the  ignition  re- 
peated. For  the  properties  of  the  precipitate,  see  §  81.  The  resulte  are 
accurate. 

(i,  1^1/  I^r&cipitalion  as  J^am^  Acei^ie  of  Sc^quioxide  of  Iron, 
Mix  the  solution  of  se^iquioxide  of  iron  [contaLning  not  more  than 
1  grm.  of  oxide  to  |  liti-e]  in  a  flaKk,  if  it  containis  much  free  acid,  with 
carbonate  of  soda  or  afiimoma  imtil  the  acid  is  nearly  neutralized;  then 
add  to  the  solution  which  m  wtill  clear,  hut  already  of  a  deep  re<l  color, 
neutral  acetate  of  soda  or  of  ammonia,  and  a  few  drops  of  acetic  acid  in 
slight  excess  \  and  boil  till,  on  removing  the  lamp,  the  precipitate  settles 
clear.  Wash  repeatedly  by  boiling  and  deeantatioUj  and  finally  on  the 
filter  with  boiling  water,  whicli  should  contidn  a  little  acetate  of  ammo- 
nia; dry,  ignite  (§  53)»  and  weigh  the  Befiquioxide  obtained.  It  in 
advisable  to  add  a  few  drops  of  nitric  acid  to  the  residue,  evaporate,  and 
ignite  again,  to  see  whether  the  weight  remaina  constant.  The  reKidue 
must  show  no  alkaline  reaction  when  moistened  -with  water.  The  results 
are  accurate.  It  is  often  preferable  to  disBolve  the  precipitate  of  the 
basic  acetate  in  hydrochloHc  acid,  and  to  precipitate  the  solution  iM)0Ofd- 
ing  to  a  [see  also  Keichardt's  method],  §  81,  e.  The  formiates  of  soda 
and  ammonia  may  be  advantageously  substituted  for  the  acetates  as  pre- 
dpitantfi  (§  81,/). 

e,  My  Iffidiion, 
Expose  the  compound,  in  a  covered  crucible,  to  a  gentle  heat  at  fiist, 
and  gradually  to  the  highest  degree  of  intensity ;  continue  the  operation 
until  the  weight  of  the  residuary  sesqni oxide  of  iron  remaimi  constanti 

2,  iJeierimnniion  as  Anhydrous  Sulphide  of  Iron, 

The  hydrated  swlphide  of  ix'on  obttdned,  lis  in  1,  6,  may  be  very  con- 
veniently determined  by  conversion  into  the  anhydrous  sulphide.  The 
process  is  the  same  as  for  zinc  (§  108,  2).  The  heat  to  which  it  is  finally 
exposed  in  the  current  of  hydrogen  must  Ih^  strong,  as  an  excess  of  sul- 
phur is  retained  with  some  obstinacy.  In  fact,  it  is  advisable  after 
weighing  to  re- ignite  in  hydrogen  and  weigh  a  second  time.  It  is  of  no 
importance  if  the  hydrated  sulphide  htu*i  oxidized  on  drying. 

Protosulphate  and  sesquioxide  of  iion  can  bo  transformed  into  std- 
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phide  in  the  same  manner,  after  Laving  been  dehydrated  by  ignition  in 
m  porcelain  crucible  (H,  Rose  *), 

Hie  r^esnlts  obtained  by  Oestek,  and  adduced  by  Rose,  as  well  as  those 
J  obtidui?d  in  my  own  Wboratory^  are  excseediagly  satisfactory.     (Rspt. 
Ka  75.) 

S.  DetermifuUion  5y  Yalumeiric  Analysis* 

a*  Preceded  6y  Reduclicfn  of  the  Sesquiosdde  to  JProUxcide. 
The  vobi metric  methods  which  come  under  this  head  are  baaed  upon 
the  rcxhution  of  the  sesquioxide  to  protoxide,  and  the  estimation  of  the 
Utter*  We  have,  accordingly,  to  occupy  ourselves  simply  with  the 
feduction  of  the  solution  of  the  sesquioxide,  the  other  part  of  the  pro- 
oeas  having  been  fully  discuased  in  §  11  w  (Protoxide  of  Iron).  The 
nsduction  of  ses<paoxide  of  iron  can  be  effected  by  many  substances 
I  (zinc,  [>rotochloride  of  tin,  Hwlphuretted  hydrogen,  aidphurous  acid,  ttc»), 
kit  oidy  those  can  be  used  with  advantage,  an  excess  of  which  may  be 
idded  with  impunity.  If  an  excess  must  b©  very  carefidly  avoided,  or, 
being  added,  must  be  carefully  removed,  the  method  becomes  troubJe- 
aome,  ami  a  ready  source  of  inaccunicy  is  introducetl.  On  these  gi^ounds, 
although  ita  action  is  somewhat  slow,  ziac,  unquestionably,  deserves  tho 
preference  before  all  other  rcclucing  agents. 

Heat  the  hydrochloric  or  sulphuric  acid  solution,  which  must  contain 
1  moderate  excess  of  acid,  but  be  free  from  nitric  acid,  in  a  smaU  long- 
becked  dask,  placed  in  a  slanting  position  ;  drop  in  small  pieces  of  iron- 
Einc  (§  60),  and  conduct  a  slow  current  of  carbonic  acid  tlu'ough 
le  Bsi»k  (fig.  48,  p.  194).  Evolution  of  hydrogen  giia  begins  at  once, 
lOd  the  color  of  the  solution  becomes  paler  in  proportion  as  the  sesqui- 
ixide  ciianges  to  jirotoxide.  Apply  a  moderate  heat,  to  promote  the 
[1 ;  ttnd  add  also,  if  nece»«;8ary,  a  little  more  zinc.  As  soon  as  the 
.salviiion  is  completely  decolorized  (one  cannot  judge  of  the  f>erfect 
idAtion  of  a  cold  solution  so  well,  as  the  c^ilor  of  the  seaquichlonde 
(f  Iron  is  deeper  in  the  heat),  allow  to  cool  completely  in  the  stream  of 
'bouic  acid ;  to  hasten  the  cooling  the  flask  may  be  immersed  in  cold 
then  dilute  the  contents  with  water,  pour  off  and  wash  carefully 
to  a  beaker,  leaving  behind  any  undissolved  zinc,  and  also  (as  far  as 
bli*)  any  flocks  of  lead  tlxat  may  have  sc^parated  from  the  zinc,  and 
|Nroc«od  as  directed  in  §  112,  2.  If  the  solution  contains  metals  precipi* 
iftble  by  zinc^  these  will  separate,  and  may  render  tiltration  necessary. 
In  this  case  the  filtrate  must  be  again  heated  with  zinc  before  using  the 
ctaridard  solution.  If  iron-free  idnc  cannot  be  procured,  the  percentage 
<if  iron  in  the  metal  used  must  be  determined,  and  weighed  portions  of 
It  employed  in  the  process  of  reduction  j  the  known  amount  of  iion  con- 
tained in  the  anc  consumed  is  then  subtracted  from  the  total  amotint  of 
iron  found* 

[b,    Wtihout  Previmis  HeducHon   to   Proioxide,     Oudemans' 
MetJiod.f 
The  principle  consists  in  adding  a  reducing  agent  to  the  8C»lution  till 
tibl  iMquioxide  is  entirely  converted  into  protoxide,  and  then  determin- 
ing the  amount  of  the  reducing  agent  used* 


•  Pog^.  Annal.  IID,  136. 
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This  method  depends  upon  the  ^MJtthat  hyposulphite  of  soda  may  re- 
duce sesquioxide  of  iron  to  protoxide  in  accordance  with  the  equation 
Fe,  CI,  +  2  (Na  0,8, 0,)  =  2  Fe  01+  Na  O,  S^  O5  +  Na  CI.  In  order 
that  this  reaction  serve  for  analytical  purposes  it  is  necessary,  1,  that  a 
certain — not  too  great — proportion  of  free  acid  be  present ;  2,  that  the 
iron  solution  be  rather  concentrated ;  and,  3,  that  a  minute  amount  of 
solution  of  a  salt  of  protoxide  of  copper  be  present,  which  acts  to  trans- 
fer oxygen  from  the  iron  to  the  hyposulphite,  being  reduced  by  the  lat- 
ter to  suboxide  and  carried  again  to  protoxide  by  the  sesquisalt  of  iron. 
We  require : — 

a,  A  Solution  of  Hypoaidphite  of  Soda. 

This  may  be  made  by  dissolving  25  grm.  of  the  purest  commercial 
salt  in  1  litre  of  water. 

5.  A  Standard  Solution  of  a  Sesquisalt  of  Iron. 

This  is  prepared  by  dissolving  5*617  grm.  of  fine  piano-wire,  assumed 
to  contain  99*7  per  cent,  of  iron,  in  hydrochloric  acid  in  a  slanting  long- 
necked  flask,  oxidizing  the  solution  with  chlorate  of  potassa,  removing 
the  excess  of  chlorine  by  protracted  gentle  boiling,  and  finally  diluting 
the  solution  to  1  litre;  or  by  dissolving  24' 1  grm.  of  pure  ammonia- 
iron-alum  (see  p.  93)  in  1  litre  of  water. 

c.  A  Solution  of  Sulphate  of  Copper  containing,  say,  10  per  cent,  of 
the  ciystallized  salt. 

rf.  A  Solution  of  Sulphocyanide  of  Potassium. 

The.  standard  of  the  hyposulphite-solution  must  be  fixed  by  aid  of  the 
accurately  prepared  iron-solution,  as  follows : — 

20  c.  c.  of  the  iron-solution  are  measured  into  a  small  flask  or  beaker,  well 
acidified  with  hydrochloric  acid  ;  one  drop  of  the  copper  solution  is  added, 
and  enough  sulphocyanide  to  make  the  liquid  of  a  deep  red  color.  The  hy- 
posulphite (about  20  c.  c.)  is  added  from  a  burette,  rapidly  at  first,  aftw- 
wards  slowly  and  cautiously,  until  the  red  color  is  discharged.  The  iron- 
solution  may  be  warmed  to  40°  C.  whereby  the  reaction  is  accelerated. 

When  the  iron-solution  is  dilute,  the  reaction  proceeds  with  incon- 
venient  slowness,  but  after  some  practice  the  results  are  good.  From 
the  number  of  c.  c.  of  the  hyposulphite  solution  required  to  reduce  a 
known  quantity  of  sesquioxide  of  iron,  taking  the  mean  of  a  number  of 
nearly  accordaut  observations,  may  be  calculated  the  quantity  of  sesqui- 
oxide of  iron,  or  of  metallic  iron,  corresponding  to  1  c.  c.  of  hjrposulphite, 
and  this  factor,  multiplied  into  the  number  of  c.  c.  consumed  in  any 
analysis,  gives  the  quantity  of  sesquioxide  of  iron  or  of  metallic  iron 
sought. 

The  solution  of  the  iron  which  it  is  desired  to  estimate  is  conducted 
as  described  for  making  the  standard  h.  It  must  be  free  from  nitric 
acid  and  oxides  of  chlorine ;  should  be  kept  rather  concentrated,  as  a 
matter  of  convenience  for  rapid  working,  and  should  contain  a  moderate 
amount  of  free  hydrochloric  acid.  The  analysis  is  conducted  as  just 
described  for  the  standardizing. 

The  solution  of  hyposulphite  alters  slowly  with  deposition  of  Bolphory 
and  its  value  must  be  determined  anew  every  week  or  two. 

The  process  is  convenient  and  excellent,  though  not  so  good  for  tbt 
estimation  of  nunute  quantities  of  iron  as  the  method  with  permanguiate.] 
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Supplmnenl  to  the  fourth  Group, 
7.  Sesquioxide  of  Uranium* 

If  the  compound  in  which  the  seaquioiude  of  uranium  is  to  be  4eteiv 
mined  contains  no  other  fixed  substances,  it  may  often  be  converted  into 
proio^djiqaiojn^ie  (Ur  O,  Ufj  0,)  by  simple  ignition.  If  sulphuric  acid 
id)  preaeutj  small  portions  of  carbonate  of  ammonia  must  be  thrown  into 
the  crucible  towards  the  end  of  the  o|)eration. 

In  caseii  where  the  application  of  this  method  is  inadmissible,  the  solu- 
tion of  uranium  (which,  if  it  cont^iiia  protoxide,  must  first  be  warmed 
with  nitric  acid,  until  the  protoxide  is  converted  into  sesquioxitle)  is 
preoipit44t-ed  u4th  ammonia.  The  yellow  precijtitate  formed,  which  con- 
sist* of  hy«i rated  amnn^nio-n^jtquk'iruie  af  uraHuna,  m  washed  with  a 
dilute  aolutii»n  of  chloride  of  ammonium,  to  prevent  the  fluid  passing 
milky  through  the  filter.  Tlie  precipitate  is  dried  and  ignited  (§  53), 
To  make  cpiite  sure  of  obtaiuuig  the  protosesquioxide  in  the  piire  state^ 
the  criicible  is  ignited  for  same  time  in  a  slanimg  position  and  uncovered; 
the  lid  is  then  put  on,  while  the  ignition  is  still  contiiuung;  the  cruci- 
ble is  allowed  Ujt  cool  under  the  desiccator,  and  weighed  {H.  Rose). 

If  tlie  solution  from  which  the  sesquioxide  of  uranium  is  to  be  pre- 
cipitated contiuns  other  bases  (alkaline  earths,  or  even  alkalies),  portions 
of  these  will  f)re<'ipitate  along  with  the  animonio-sesquioxide  of  uranium. 
For  the  measures  to  be  resorted  to  in  such  cases,  I  refer  to  Section  V. 

Tlie  reduction  of  the  protoBesquiaxide  of  uranium  to  the  state  of 
protoxide  (Ur  O)  ia  an  excellent  means  of  ascertaining  its  purity  for  the 
puqiose  of  cimtroL  This  i^eduction  m  effected  by  ignition  in  a  current 
of  hydrogen  gns^  in  the  way  described  §  111,  1  (Cobalt).  By  intense 
ignition,  the  projierty  of  the  protoxide  of  uranium  to  ignite  in  the  air  is 
destroyed.  Tlie  sepai-ation  of  sesquioxide  of  uranium  from  [phosphoric 
ftcid  i&  effected  by  fusing  the  compound  with  cyanide  of  potassium  an*i 
carbonate  of  soda.  Upon  extracting  tlie  fused  mass  with  water,  tho 
jikoric  oicid  is  obtained  in  solution,  whilst  the  uranium  is  left  as 
oxide.  Knop  and  Arendt  *  have  eniployed  this  method. 
lie  equivalf*nt  of  protosestjuioxide  of  uranium  =  210'2,  vjjs.,  178*2  of 
OLTanium  and  3*J  of  oxygen.  In  KM)  part^,  the  compound  eonaists  of 
84*77  of  unuiium  and  15 '23  of  oxygen.  The  equivalent  of  protoxide 
of  uimnium  is  ^\7'i,  viz.,  59'4  of  uranium  and  8  of  oxygen  ;  in  100 
piuia,  the  protoxide  consists  of  88*13  of  uranium  and  11*87  of 
oxygen. 

FIFTH   GROtTP. 
OlIDB  OF  BILVBR — OXIDE    OF  LEAD — SUBOXIDE   OF  MEECURY^ — OXn>E    OF 
KSBCGHT — OXIDB   OF  rOPPER — TEROXIDE   OF  BISMtJTH — OXIDE  OF  CAIK 

f— (protoxide  of  palladium). 
§  115. 
1,  Oxide  of  Silveb. 
Solutum, 

lie  silver,  and  those  of  it«  compounds  which  are  insoluble  in 
'  »re  best  dissolved  in  nitric  acid  (if  soluble  in  that  acid).     Dilute 
vltrio  acid  suffices  for  most  compounds ;  sulphide  of  silver,  howeyer,  ro» 

♦  Chem.  Centmlbl  1856,  778. 
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quires  concentrated  acid.     The  solution  is  effected  best  in  a  flask.  Chl( 
ride^  bromide,  and  iodide  of  silver  are  insoluble  in  water  und  in  nil 
acid.     To  get  fclie  silver  contained  in    them  in  ftolution,  proceed  as  f< 
lows  : — fuse    the  salt  in  a  porcelain    crucible    (this   operation,    thouj 
not  abaolytely  iri(liiipen.sablp,  had  bett<er  not  be  omitted),  pour 
over  it,  put  a  piece  of  clean  tine  or  iron  upon  it,  and  add  some  dilu^ 
Bulphuric  acid.     Wash  the  reduced  spongy  silver,  fir«t  with  dilute  sul- 
phuric acid^  then  with  water,  and  finally  dissolve  it  in  nitric  acid.  Ho 
ever,  as  we  shall  see  below,  the  quantitative  analysis  of  these  salts  d 
not  necessarily  involve  their  solution. 

6.  Det^rminatwn, 

Silver  may  be  weighed  bs  cMoride,  sulphide^  or  m/anide,  or  in  th« 
meiaUic  state  (g  82).  It  is  also  frequently  determined  by  Yolumetric 
analysis. 

We  may  convert  into 

1.  CiiLOREDE  or  Silver. 
AU  compounds  of  sOver  without  exception* 

2.  Sulphide  of  Silver.     3.  Cyakide  of  Silver. 
All  compounds  soluble  in  water  or  nitric  acid. 
4,  Metallic  Silver. 
Oxide  of  silver,  and  some  of  its  compoimds  with  readily  volatile 

salts  of  silver  with  organic  acids;  chloride,  bromide,  iodide,  andsulpliide 
of  silver. 

The  method  4  is  the  most  convenient,  and  is  preferred  to  the  others 
all  cases  where  its  application  is  admissible.  The  method  1  is  that 
most  generally  resorted  to.  2  and  5  serve  mostly  only  to  effect  the 
separation  of  oxide  of  silver  from  other  bases. 

In  assays  for  the  Mint,  silver  is  usually  determined  volumetricajly  by 
Gay-Lussac's  method,  PiSANi' s  volumetric  method  is  especially  suited 
to  the  detfirmination  of  very  small  quantities  of  silver.  The  esiimatioa 
of  silver  by  cupeDation  will  be  described  in  the  Special  Fart. 

1.  Determination  of  Sllmr  at  Chloride, 
a.   In  th^  Wet  Way. 

The   prt*ci[»it4it-ed  chloride  of  sOver  may  be  separated  from  the  au] 
nataut  thud  either  by  dec^ntation  or  by  filtration  ;  the    former  is 
rally  [ireferred   for  large  quantities  of  precipitate,  the  latter   ans' 
bi*tter  for  small  quantities.     Whichever  process  is  adopted,  the  cblori< 
of  silver  m^int  Iw  completely  protected  from  the  infiueuce  of  direct  si 
light,  and  eveD  the  action  of  di^xised  daylight  must  be  as  far  as  possil 
avoided. 

a.  Ikttrmmaiicn  5y  D^tianialiim. 

The  moderately  dilute  sOver-solutton  is  introduced  into  a  tall 
with  long  neck  aiul  narrow  mouth,  and  some  nitric  acid  added  to  it ;  the 
fluid  is  heatt^d  to  about  60**,  and  hydrochloric  acid  carefully  added  in 
audi  quantity,  that  some  silver  still  remains  unprecipitated,  and  the 
ohlaride  aeparates  in  oonaequenoe  in  large  docks.  After  their  formati( 
bM  been  completed  by  gently  moving  the  fluid,  add  cautiously  moi 
l^pdroohlorio  aoid,  till  the  last  drope  give  no  further  precipitate  (a 
WkAmM^  #aroMi  diould  be  avoided,  as  hydrochloric  acid  disaolyea 
small  traces  of  chloride  of  silver).     The  mouth  of  the  Aaj^It  is   then 
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etoaed  with  a  (i€«rfectljr  smooth  cork  (or,  better  stiU,  with  a  welKground 
gUuR  Stopper),  and  the  flask  vigomusly  shaken  until  the  precipitated 
ohJoride  of  silver  has  united  into  coherent  lumps,  anil  the  supernatant 
fluiil  ha&  become  pretty  clear.  The  chloride  adhei-ing  to  the  neck  of 
the  flttak  i^  then  removed  by  agitating  the  clear  fluid,  and  the  last  traces 
Afv  washed  down  by  means  of  a  wash-bottle ;  the  flask  Ls  then  allowed 
to  fltand  at  rest  for  twelve  hours  in  a  dark  [jlace  at  the  orditiaTy  tem- 
perature. At  the  end  of  this  time  the  precipitate  will  have  completely 
subsided  and  the  fluid  will  be  clear,  Tlie  latter  is  then  slowly  and  cau- 
tiously de4!anted,  as  far  m  practicable,  into  a  beaker,  so  as  to  retain 
every  particle  of  the  chloride  in  the  flawk,  whence  it  is  cai^efully  trans- 
ferred to  an  ujiright  Bmooth  porcelain  crucible  that  ha«  been  weighed  : 
the  liy»t  particles  of  ehloriile  of  silver  are  got  out  by  putting  a  little 
water  in  the  flask,  closing  the  mouth  with  the  finger,  inverting,  and 
rinsing  the  sides  and  bottom  by  agitation.  The  particles  thus  collect 
in  the  neck,,  and  can  easily  be  ti-ansferred  to  the  crucible,  by  holding 
the  mouth  of  the  flask  close  over  the  latter,  and  lotting  the  fluid  run 
out ;  a  washing  bottle  with  the  jet  tume^l  upwards  (§  46)  may  also  be 
used  with  advantage. 

When  the  chloride  of  silver  has  completely  subsided  in  the  crucible, 
which  is  greatly  accelerated  by  exposure  to  the  heat  of  a  water-bath,  the 
clear  supernatant  fluid  is  carefully  decanted  down  a  glass  rod  into  the 
beaker  which    contains  the  liquid  of  the  tii-st    decantation.     The 

oride  of  silver  in  the  crticible  is  moistened  with  a  few  drops  of  nitric 

•rid,  and  then  treated  with  hot  distilled  water  ;  the  chloride  is  figjun  al- 
lowi^  to  Bub^ide,  the  clear  supeniatttnt  fluid  again  decanted,  and  the 
flun^  operation  repeated  until  a  dro]»  of  the  last  decanted  fluid  no  longer 
gifet  the  slightest  turbidity  with  nitrate  of  silver.  The  supernatant 
fluid  is  then  removed  as  completely  its  j)Osfiible  by  means  of  a  |npette,  or 

;  cautious  decantation ;  the  chloride  is  thoroughly  dried  on  the  water- 
\  and  subsequently  heated  to  incipient  fusion  over  the  lamp,  taking 
to  apply  a  vei'y  gentle  heat  at  first  ;  as  soon  as  the  chlinide  begins 
to  fu»e  i-ound  the  border,  the  crucible  is  allowed  to  cool,  and  weighed. 

To  remove  the  nia^  from  the  crucible,  completely  and  without  injury 
to  the  latter,  a  ]>iere  of  ii-on  or  zinc  is  placed  upon  the  chloride,  and 
In^il^r  dilute  hydrochloric  or  aulpluincacid  added.  The  crucible  is  finally 
doiiiaedi  dried,  and  weighed,  if  this  has  not  been  done  before  the  0{>era- 
tion.  Should  the  liquids  successively  decanted  from  the  chloride  of  silver 
oai  be  perfectly  clear  and  transparent,  they  are  kept  standing  in  the 
cold  until  tlie  last  particles  of  chloride  have  completely  subsided,  which 
frequently  requires  many  hours ;  the  clear  supernatant  fluid  is  then  de- 
<:anted^  and  the  deposited  chloride  added  to  the  bulk  of  the  [irccif^dtate 
ijtt  tha  crucible,  the  whole  washed  and  treated  as  above  ;  or — and  this  is 
leicpeditious  way — the  minute  quantity  of  chloride  is  collected  on  a 
Dr,  treated  as  directed  in  3,  and  added  to  the  principal  amount* 

0,  lht0rfninatian  by  I^iliraixon, 
,  T  lide  of  silver  is  precipitated  and  allowed  to  subside  as  in  a; 

if  ant  fluid  is  then  passed  through  a  small  filter,  to  which  the 

prei:ipiu-Ut  is  subsequently  transferrt^J,  with  the  aid  of  a  little  hot  water 
acidulated  with  nitric  acid  ;  the  precipitate  collect^^d  on  the  filter  is 
wished,  first  with  water  acidulated  with  nitric  acid,  afterwards  with 
pure  wmtetr;  it  is  then  thoroughly  dried,  the  contents  of  the  filter  are 
tranaferred  as  completely  as  possible  to  a  small  porcelain   crucible^  and 
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the  filter  itself  is  burnt  on  the  lid.  In  this  operation  some  o{  the  chlo- 
ride LB  always  reduced,  the  ash  i»  tberefnre  added  to  the  chloride  in  the 
crucible,  together  with  two  or  three  drops  of  dilute  nitric  acid ;  heal  is 
applied  for  a  short  time,  aud  then  a  drop  or  two  of  hydrochloric  acid  add* 
id ;  lastly  heat,  at  first  gently  till  diT,  then  to  incipient  fusion,  and  weigh. 
For  the  properties  of  the  precipitate,  see  §  82.  Both  methods  give 
very  accurate  results,  unless  large  quantities  of  such  salts  are  present  as 
have  the  pn>p<^rty  of  blij^htly  dissolving  chloride  of  sUver,  compare  §  82. 
In  order  to  l>e  qtiitt?  safe  in  tbis  connection  it  is  advisable  to  test  the  clear 
filtrate  with  sulphuretted  hydrogen  before  throwing  it  away, 

b.  In  Ot^  Dry  Way, 

This  methotl  aeiTea  more  exclusively  for  the  analysis  of  bromide  and 
iodide  of  silver,  although  it  can  be  applied  in  the  case  of  other  com- 
pounds, 

Tlie  process  is  conducted  io  the  apf*ar?itus  illustrated  by  Fig.  49, 
leaving  off  the  tubes  E  and  F^  and  employing  a  straight  bulVtub©  or  a 
plain  tube  with  porcelain  tray  instead  of  the  bent  tube  D. 


Fig.  4fi, 

A  is  an  apparatus  for  disengaging  chlorine ;  B  contains  concentr 
sulphuric  acid,  C  chloride  of  calcium ;  D  is  a  bulb-tttbe  intended  for  the 
reception  of  the  iodide  or  bromide  of  silver ;  and  O,  which  directly  is  con- 
utH^tetl  with  I),  serves  to  conduct  the  chlorine  gas  into  the  open  air  or 
into  milk  of  lime.  The  operation  is  commenced  by  introducing  the 
com[»ouud  to  be  analvxed  into  the  bulb,  and  applying  heat  to  the  latter 
until  its  et>ntei  '  .*d ;  when  cold,  the  tube  is  weighed  and  connected 

with  the  ftppM  idorine  gas  is  then  evolved  from.  A  ;  when  the 

evolution  •  -  hns  proceeded  for  some  time,  the  contentii  of  the 

bulb  an?  1 1'  fusion,  and  kept  in  this  state  for  about   fifteen  mi- 

mtleai  agitating  now  and  then  the  IWd  mass.  The  bulb-tube  is  then 
rMnaved  (Vx>m  the  api^amtus,  allowed  to  cooU  and  held  in  a  slanting  po- 
sition to  n^pK'ice  the  chlorine  by  atmo^heric  air ;  it  is  subsequently 
wrigheii  thru  agiiin  connected  wiUi  the  apparatus,  and  the  former  pro— 
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repeated,  keeping  the  contents  of  D  in  a  state  of  fuidon  for  a  few 
mwutefi.  The  operation  raay,  in  ortiiriar)'  canca,  be  ciiiisitlered  con- 
^udfid  if  the  weight  of  tlm  tnbe  siiflers  no  variation  by  the  repeiitiori  of 
tlio  |»n>ce8S»  If  the  highest  degi^ee  of  accuracy  is  to  be  attained,  heat 
tht^  chloride  of  silver  again  to  fusion,  passing  at  the  same  tiirie  a  slow 
ftrfsiim  of  pure,  dry  C4irb<jnic  acid  through  tht?  tnbe,  in  order  to  diive 
out  tho  traces  of  chlorine  absorbed  by  the  fused  chloride.  Allow  to 
cool,  hold  oblitjnely  for  a  short  time,  so  as  to  replace  the  carbonic  acid 
by  air^  and  tui«lly  weigh.     See  §  82. 

2.  Detefrminalian  as  Sidphide  of  ^Silver, 

8n]phnrett^d  hydrogen  precipitates  silver  conpletely  from  acid,  neu* 
ira\^  and  alkaline  solutions  ;  siilpliide  of  ammonium  precipitates  it  from 
nrntnd  and  alkaline  solntiona,  Keccntly  prepaied  peifectly  clear  solu- 
tion of  sulphuretted  hydrogen  may  lie  employed  to  precipitate  small 
c]uaiititi«s  of  silver;  to  preci^iitate  larger  quantities,  the  solution  of  the 
adt  of  silver  (which  must  not  be  too  acid)  is  moderat-ely  diluted,  and 
wimhed  milphurettt.'d  hydrogen  gas  conducted  into  it.  After  complete 
pnfcipitation  has  been  etlected,  and  the  sulphide  cd'  silver  h«s  perfectly 
Rubttided  (with  exchiaion  of  air),  it  is  collected  on  a  weighed  filter, 
wiiidit*d^  dried  at  100^  and  weighed.  For  the  properties  of  the  preci- 
pitate, aee  §  82»  This  method,  if  properly  executed,  gives  very  accurate 
n?«ult^  The  operator  must  take  care  to  filter  quickly,  and  to  prevent 
the  aocoas  of  air  as  much  aa  pos,sible  during  the  filtration,  since,  if  this 
prw»ntion  be  neglected,  sulphur  is  likely  to  separate  from  the  sulphu  retted 
lifdrogcn  water,  which,  of  course,  would  add  fidsely  to  the  weight  of 
tJie  tiilphide  of  diver, 

*t\kt^  *»iilphido  of  silver  muat,  however,  never  he  weighed  as  just 
dMiCTib4*il,unlr><a  the  analyst  is  satisfied  that  no  sulphur  has  fallen  do%vn 
witJi  it,  as  would  occur  if  the  fluid  contained  hyponitric  acid,  sesqni- 
n)rtil«9  nt  iron,  or  any  other  substance  which  decompones  snlidiurctti'd 
hydrr*!!?^.  In  ca.*ve  tlie  prccii>itate  does  contain  admixed  sulphur, 
ve^sa  is  to  convert  it  into  metallic  silver  (H.  KosE  *). 
-I'  it  Ls  transferred  to  a  weighed  porcelain  cntcible,  the 
IB  added,  and  the  whole  is  heated  to  retlness  in  a  stream  of 
the  apparatus  described  in  §  108  being  employed.  liesults 
iidctiraile. 

?^M>i»ld  the  apparatus  in  question  not  be  at  tJie  operator's  disposal,  he 
iT<tr  cornfilete  waKhing  of  the  precipitate,  cartjfully  rinse  it  into  a 

I «iii  dish  (without  injuring  the  weighed  filter),  heat  it  once  or  twice 

with  a  mmlerately  strong  solution  of  pure  sulphite  of  soda,  re-transfer 
the  jirrcipitate  (now  freed  frnm  ailmixed  sulphur)  to  the  old  filter,  wash 
%Al^  dry  and  weigh  (J.  LowEJ)  ;  or  he  may  treat  the  dried  precipitaie, 
bogethrr  with  the  tilter*ash,  with  moderately  dilute  chlorine-free  nitric 
idtlai  ft  gentle  heat,  till  com[»lete  decomitoaition  has  been  effected  (till 
tli««  imdiattolved  8ul[>hur  haa  a  clean  yellow  appearance),  filter,  wash  well, 
uid  proo&ed  according  to  1. 

3,  /Jelirrmifiaiion  as  Cyan  uh  of  Silver, 

Mix  the  neutral  or  acid  solution  of  silver  with  cytmide  of  potassium, 
until  the  precipitate  of  cyaidde  of  silver  which  forms  at  first  is  rediaaolyed ; 
ftdd  nitric  acid  in  slight  excess,  and  apply  a  gentle  heat.     After  some 
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time,  collect  the  precipitated  cyanide  of  silver  on  a  weighed  filter,  waah, 
dry  at  100^,  and  weigh.  For  the  properties  of  the  precipitate,  see  §  82. 
The  results  are  accurate. 

4.  Determination  as  Metallic  Silver, 

Oxide  of  silver,  carbonate  of  silver,  <kc.,  are  eaflUy  reduced  by  simple 
ignition  in  a  porcelain  crucible.  In  the  reduction  of  salts  of  silver  with 
organic  acids,  the  crucible  is  kept  covered  at  first,  and  a  modonite  heat 
applied ;  :ift<»r  a  tinio  the  lid  is  removed,  and  the  heat  increased,  until 
the  whole  of  the  ciirbon  is  consumed.  For  the  properties  of  the  residue, 
see  §  82.  The  results  ai-e  absolutely  accurate,  except  as  regards  salts  of 
silver  with  organic  acids;  in  the  analysis  of  the  latter,  it  not  unfre- 
quently  happens  that  the  reduced  silver  cont<ains  a  minute  portion  of 
carbon,  which  incrt^a>U3S  the  weight  of  the  residue  to  a  trifiiug  exteut. 

If  it  is  desired  to  transform  chloride,  bromide,  iodide,  or  sulphide  of 
silver  into  metallic  silver,  for  the  purpose  of  analysis,  they  are  heated 
in  a  current  of  pure  dry  hydrogen  to  redness,  till  the  weight  remains  con- 
stant. The  process  may  be  conducted  in  a  |K)rcelain  crucible  or  a  bulb- 
tube.  In  the  former  case,  the  apparatus  described  §  108,  fig.  No.  47 
is  used ;  in  the  latter  the  apparatus  represented  p.  208,  with  the 
substitution,  of  course,  of  hydrogen  for  chlorine.  If  the  bulb-tube  is  used, 
it  must,  aftor  cooling  and  before  being  weighed,  bo  held  in  an  inclined 
position,  so  that  the  hydi*ogen  may  be  re]>laced  by  air.  The  results 
are  perfectly  accurate.    See  also  Oupellation,  Special  Part. 

6.   J^olurnrtrir  Methods, 

1.  Gay-Lussac's. 
This,  th(»  most  exact  of  all  known  volumetric  processes,  was  intro- 
duceil  by  (Jay-Lissai^  as  a  substitute  for  the  assay  of  silver  by  cu|>ella- 
tion,  was  tlu>roughly  investigated  by  him,  and  will  be  found  fully  d<»- 
scrihed  in  his  work  on  the  subject.  This  metluHl  has  been  rendered  still 
more  pn'eis**  by  the  ivseurches  of  G.  J.  Mtldeu,  to  whose  exhaustive  mo- 
nograph *  I  n'ftT  the  special  student  of  this  bnmch.  I  shall  here  con- 
fine myself  to  giving  the  process  so  far  as  to  suit  the  requirements  of 
the  cheinieal  lalH>rat<>ry,  taking  only  for  gnuited  that  the  analyst  has  the 
ordinary  measuring  a)>paratus,  Ac,  at  his  disposal.  Mulder's  results 
will  be  made  use  of  to  the  full  extent  jx)ssible  under  these  cii*cimistauces. 

a,  Reqtisites. 

«.  Soi.rTl»>N  OF  I'HLORIDE  OF  SODirM. 

Take  eluMiiieally  pure  chloride  of  stxlium — either  artificially  prepared 
or  pure  rook-salt — powder  it  roughly  and  ignite  moderately  (uot  to 
fusion  t). 

Now  dissolve  rv4  l4r>  grm.  in  distilled  water  to  1  litre,  measured  at  10'. 
100  e.  e.  of  this  sidution  contains  a  quantity  of  chloride  of  sodium, 
CHpiivalent  to  1  gnu.  of  silver. 

The  solution  is  kt^pt  in  a  stoppenvl  b.»ttle  and  shaken  before  use. 

/5.   l>EriMAl.  St>l.lTIOX  OF  nil.ORIDE  OF  SODUM. 

Tnuisfer  .*u)  e.  e.  of  the  solution  deserilx'd  in  a  to  a  r>00  c.  c.  mea8U^ 


•  Pie  SiUvrpri>lnnnothi.vlo  (sn^e  note,  p.  V2'i\. 

t  On  fusion,  if  the  tlamo  can  in  the  least  way  act  upon  it,  it  takes  an  alkaKi* 
reaction,  niuvv  under  the  influen^v  of  vajH\r  of  wat€r  and  carbonic  acid,  •lit*!' 
Kjdrwhioho  acid  i^  formed  and  escapes,  while  a  corresponding  quantity  of  o•^ 
lK>nat«  of  atovla  remains. 
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lag  flafik,  fill  up  to  the  mark  with  distillcHl  water  and  shake.     Each  c.  c. 
of  this  decimal  flalution  corresponds  to  0*001  gna.  silver.  The  measuring 
Biist  be  performed  at  16^. 
The  solution  is  kept  as  the  other. 

y.  Decimal  silver  solution. 

Dissolve  0'5  grm.  chemically  pure  silver  in  2  to  5  c.  c  pure  nitric 
idd  of  1*2  sp.  gr.y  and  diiute  the  solution  with  water  exactly  to  5(K) 
c  c  measured  at  1<>^,  Each  c.  c.  contains  0*001  grm.  silver.  The  so- 
lution is  kept  in  a  stopj^ered  bottle  and  protected  against  the  inilueiioe 
of  light 

L  Test-bottles. 

These  should  be  of  white  glass,  holding  easily  200  c,  c,  closed  with 
^ell-ground  glass  stoppers,  running  to  a  [Miiut  below.  The  bottles  tit 
into  cases  blackened  on  the  inside,  and  reaching  up  to  tlieir  necks*  In 
order  to  protect  the  latter  also  from  the  action  of  light,  a  b Lack-cloth 
cover  is  employed. 

b.  Principle. 

Sappose  we  know  the  value  of  a  solution  of  chloride  of  sodium^  i.^.,  the 
qu&ntity  that  is  necessary  to  precipitate  a  given  amount  of  silver,  say 
1  grm.,  we  are  in  the  position,  with  the  aid  of  this  solution,  to  deter^ 
mine  an  unknown  amount  of  silver,  for  if  we  put  x  for  the  unknown 
tmomit  of  silver,  then 

c  c.  of  solution  used  for  1  grm.  :  c.  c.  used  for  x  ll  \  grm.  :  x. 
But  if  we  examine  whether  1  eq.  chloride  of  sodium  dissolved  in  wat»r 
ictually  precipitates  1  eq.  of  silver  dissolved  in  nitric  acid  exactly,  we 
find  that  this  is  not  the  case.  On  the  contrary,  the  clear  supernatant 
iiiid  gives  a  small  precipitate  both  on  the  addition  of  a  little  so  hit  ion 
of  chloride  of  sodium,  and  on  the  addition  of  a  little  silver-solution,  as 
MfiLDER  has  mojit  accurat^jly  determined.  The  value  of  a  solution  of 
flduride  of  sodtuui  in  the  sense  explained  above  cannot,  therefore,  be 
redEoned  from  the  amount  of  salt  it  contains,  by  calcuhitirig  1  eq.  Rilver 
for  I  eq.  chloride  of  sodium,  but  it  can  ouly  he  obtained  by  exfieriment. 
MCTLI>£R  has  shown,  that  the  tettiperature  and  the  clr^gree  of  dilution 
Iviii  some  influence,  and  also  that  this  fact  is  to  he  ex]tlained  on  the 
groukd  of  the  solvent  power  of  the  nitrate  of  soda  profhiced  on  the 
chloride  of  silver.      In  the  solution  thus  formed  we  have  to  imagine  Na 

N  Oj  and  Na  CI  with  Ag  O,  N  Of.  in  a  certain  state  of  equilibrium, 
<m  the  addition  of  either  Na  CI  or  Ag  O,  N  Oj  is  destroyed, 
\e  of  silver  being  precipitated- 
From  this  interesting  observation  it  follows,  that  if  to  a  Kilver'SoIution 
we  add  at  first  concentrate<l  Hohition  of  chloridt^  of  Hodiuin,  then  dotn- 
nud  solution  drop  by  di'op,  till  the  exact  jK>int  ia  reached  when  no  more 
precipitate  appears,  now,  on  addition  of  decimal  BiIvtM**solution  a  small 
precipitate  will  be  again  produced  ;  and  if  we  add  the  latter  dro]»  by  drop, 
till  the  last  drop  occasions  no  turbidity,  then  again  dednuil  sokitiim  of 
chloride  of  sodium  will  give  a  small  precipitate.  On  noticing  the  num- 
ber of  drops  of  both  decimal  solutions  which  are  rerjuired  to  ]»a8a  from 
one  limit  to  the  other,  we  find  that  the  same  number  of  each  are  usihL 
Let  US  suppose  that  we  had  added  decimal  solution  of  chloride  of  Kodium 
till  it  ceased  to  react,  and  had  then  used  20  drops*  of  decimal  silver-solution, 
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till  tMs  ceased  to  produce  a  furtlier  turbidity,  we  must  now  again  Add 

20  drops  of  decimal  solution  of  cbloride  of  sodium,  in  order  to  reach  the 
point  at  which  this  ceases  to  react.  Were  we  to  add  only  10  instead  of 
these  20  drops,  we  have  the  neutral  point,  as  I^luLnER  calls  it,  i.^.,  the 
point  at  which  both  silver  and  chloride  of  sodium  pruduce  equal  pre- 
cipitates. 

We  have,  therefore,  3  diflei'ent  points  to  choose  from  for  our  fiiud 
reaction :  a,  the  point  at  wliieh  cliloride  of  sodium  has  just  ceased  to 
preci|)itate  the  silver;  b^  the  neutral  point;  <*,  the  j>«iint  at  which  silver 
solution  has  just  ceased  to  precijsitate  chlonde  of  sodium*  Whichever 
we  may  choose,  we  must  keep  to  it,  £,<?.,  we  must  not  use  a  different  jxiint 
in  standardizing  the  chloride  of  sotlium  solution  and  in  perfoniung  an 
analysis*  The  difference  obtained  by  using  first  a  and  then  b  is,  ac- 
cording to  Mulder,  for  1  grm.  silver,  at  16"^,  about  0*5  mgrm.  silver ;  by 
employing  first  a  and  then  <*,  as  was  permitted  in  the  original  process  of 
Gay-Lussac,  the  diffei'ence  is  increased  to  1  mgi'm. 

For  our  object,  it  appears  most  convenient  to  consider,  once  for  all, 
the  point  a  as  the  end,  and  never  to  finish  with  the  silver-solution.     If 
the  point  has  been  overstepped  by  the  addition  of  too  largi3  an  amount 
of  decimal  solution  of  chJoride  of  sodium,  2  or  3  c.  c.  of  decimal  silv.^r- 
flolution  should  be  added  all  at  once.     The  end-i>oint  is  then    ' 
by   carefully    adtling   decimal    solution    of  chloHile   of  sodium 
and  the  quantity  of  silver  in    the    silver-solution    added   is    reel;     i 
from  the  original  amount  of  sUver  weighed  in  making  the  solutiMfi. 

c.  Perpormakce  op  the  Process. 

Tills  is  di%nded  into  two  operations — <x,  the  fixing  of  the  value  of  the 
chloride  of  sodium  solution  ;  0,  the  assay  of  the  silver  alloy  to  be 
examined. 

a.  Determination  of  the  value  of  the  Chloride  of  SoDipu  SOLU* 
TION,  t.e,,  its  power  of  precipitating  silver. 

Weigh  off  exactly  from  1*001  to  1*003  grm,  chemically  pure  silver, 
put  it  Luto  a  test-bottle,  add  5  c.  c.  perfectly  pure  nitric  acid,  of  1*2  sp. 
gi\,  and  heat  the  bottle  in  an  inclined  position  in  a  water-  or  sand-bath 
till  complete  solution  is  effected.  Now  blow  out  the  nitrons  fumes 
from  the  upper  part  of  the  bottle,  and  after  it  has  cooled  a  little,  place 
it  in  a  stream  of  water,  the  temperature  of  which  is  about  Ifi^,  and  let 
it  remain  there  till  its  contents  are  cooled  to  this  degree;  wi}>e  it  dry, 
and  place  it  in  its  case. 

Now  Jill  the  100  c.  c.  pipette  with  the  concentrated  solution  of  cLlo* 
ride  of  sodium,  which  is  then  allowed  to  flow  into  the  test-bottle  con- 
taining  the  silver  solutioiK*  Insert  the  glass  stop|>er  firmly  (after 
moistening  it  with  water),  cover  the  neck  of  the  bottle  witli  the  cap  of 
black  stuiF  belonging  to  it,  and  shake  violently,  without  delay,  tiU  tlie 
chloride  of  silver  settleK,  leaving  the  fiiiid  perfectly  clear.  Then  t4ite 
the  stopper  out,  nih  it  on  the  neck,  so  aa  to  remove  all  chloride  pf  sil- 
ver, replace  it  firmly,  and  by  giving  the  bottle  a  few  dexterous  tunifli 
rinse  the  cldonde  down  from  the  upper  part.  After  allowing  to  rerti 
little,  again  remove  the  sto|i|ier,  and  add,  from  a  burette  divided  in^ 
^c*  c,  decimal  chlonde  of  sodium  solution,  allowing  the  drops  to  fi»J' 

*  The  pipette,  having  been  filled  above  the  mark^  ahouM  be  fixed  in  i  tapp*''* 
before  the  excess  is  allowed  to  ran  out^  otherwise  the  measimng  wiUms/thetoi' 
ficiently  accurate. 
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■^raist  the  lower  part  of  the  neck,  the  bottle  being  held  in  an  inclined 
pOfiitioxL  Hf  as  above  directed,  I'OOl  to  1'003  gmi.  silver  huve  lieen 
einplojed,  the  portions  of  chloiide  of  sodium   solution   at  fii*st  added 

ty  be  ^  c,  c.  After  each  addition,  raise  the  bottle  a  little  out  of  ita 
f,  observe  the  amount  of  precipitate  productnl,  shake  till  the  fluid 
hmE  become  clear  again,  and  proceed  as  above,  before  udding  each  fresh 
quaxttxty  of  chloiide  of  sodium  solution.  The  gnialler  thf^  ]>recijntate 
produced,  the  smaller  should  be  tlie  quantity  of  chloride  of  &odiuui  next 
udded ;  towards  the  end  only  two  di'ujis  should  be  iMlded  euch  time ;  antl 
quite  at  the  end  read  off  the  height  of  the  iuid  in  the  burette  before 
each  furtlier  addition*  When  the  last  two  drops  give  no  more  preci- 
pit&t4f,  the  previous  reading  is  the  collect  one. 

If  by  chance  the  point  has  been  overstepped,  and  the  tiruo  has  been 
for  the  proper  reading  off  of  the  burette,  add  2  to  S  c.  c.  of  the 
ial  silver  solution  (tlie  silver  in  which  is  to  be  added  to  the  quantity 
firtt  weighed),  and  try  again  to  hit  the  point  exactly  by  careful a<lditit*n 
of  d€*ciinal  chloride  of  sodium  solution. 

The  value  of  the  chloride  of  sodium  solution  is  now  known.  Reckon 
it  to  1  grm.  silver. 

Suppose  we  haiJ  used  for  1'002  gnn,  silver  100  c.  c.  of  concentrated  and 
3  c.  c.  of  decimal  chloride  of  sodium  solution ;  this  makes  altogether  100-3 
of  concentrated ;  then 

1*002  :  1-000  : :  100-3  :  x 

X  =  100^0998 
We  may  without  scruple  put  100 '1  for  this  number.  We  now  know  that 
100*1  c,  c  of  the  concentrated  solution  of  chloride  of  sodium,  measured 
»t  16°,  exactly  precipitates  1  grm.  of  silver.  This  relationship  server  an 
the  foundation  of  the  calculation  in  actual  assaying,  and  must  b«  re- 
examined whenever  there  is  reason  to  imagine  that  the  sti'ength  of  the 
eidoride  of  sodium  solution  may  have  altered. 

^.  The  actual  assay  of  tite  Silver-Alloy. 

Weigh  off  so  much  as  contains  about  1  gruL  of  silver,  or  better,  a  few 
mgrm.  more;*  dissolve  in  a  test-bottle  in  5  to  7  c.  c.  nitdo  acid,  and 
pfooeed  in  all  respects  exactly  a«  in  «, 

SuppOfie  we  had  taken  1*116  grm.  of  the  alloy,  and,  in  addition  to  the 
100  c,  c.  of  concentrated  chloride  of  sodium  solution,  had  used  5  c.  c.  of 
Ihe  dilute  (  =  0*5  concentrated),  bow  much  silver  would  the  alloy 
contain? 

Preeiuning  that  we  use  the  same  chloride  of  sodium  solution  which 
torred  as  our  example  in  a,  100*1  o.  c,  of  which  =  1  grm,  silver,  then 

lOOa  :  100*5  :  :  1-000  :  x 

a?=  1*003996  (say  1*004), 

•  In  c«>iQA,  which  cotmifit  of  U  parti  of  gilverand  1  part  of  copper,  therefore  take 
about  1  i  15  or  1  •  1 20.  In  weighing  off  alloys  of  bU  ver  and  copjier,  which  do  not  cor- 
mpond  to  the  formnlii  k^%  Cu,  (standard  ^^,^,^j^^  \  we  must  remember  that  they 
an  never  homogeQeona  in  the  mass ;  thus,  for  iDAtaDoe^  the  pieces  of  metal  from 
wUoil  ocnxiB  are  stamped,  often  show  1  '5  to  1  '7  in  a  thousand  more  Kilver  in  the 
Uri^illft  tbui  at  the  edj^s.  In  assaying  alloyBf  then,  portiond  from  various  parte 
«f  Hm  man  mnAt  be  taken ^  in  onler  to  get  a  correct  result.  The  inacctiracy,  how- 
trcTT  inrooeeding  from  the  cause  above  mentioned,  can  odIj  he  comtiletely  over- 
QQOtt  hy  ftoalag  the  alloy,  and  taking  out  a  portion  from  the  well-stured  mass  for 
the««iay. 


^W^^'^-' 


flU 

We  mij  «1bo  amve  at  the  nme  result  in  the  fidlowipg  i 


Foriheprecipitatioxiof  the  nlyerin  tbeallojiremiMd     100*5ac; 
For  1  grm.  silver  are neoeeaaiy 100*1  o. cl 

Differenoe 0*4  o.  cl 

Ttksre  are,  therefore,  4  mgrnL  of  silyer  present  more  than  a  gniL,  on 
the  presumption  that  0*1  of  the  eoncentn^  chloride  of  sodium  aolntion 
(=sl  a  a  of  the  decimal  solution)  corresponds  to  1  mgrnu  silver.  This 
sapposition,  although  not  absolutelj  correct,  maj  he  safely  made^  fiir 
the  inexactness  it  involves  is  too  minute,  as  is  evident  from  the  previons 
oalcolation. 

Before  we  can  execute  this  process  exacUj,  we  must  know  the  qnantilj 
of  silver  the  alio j  contains  very  approximately.  In  assaying  coins  of 
known  value  this  is  the  case,  hut  with  other  silver  alloys  it  is  luiially 
not  so.     Under  the  latter  circumstances  an  approximate  estimation  i ' 


precede  the  regularassay.  This  is  performed  by  weidiing  off  ^  gnn.  (or 
in  the  case  of  alloys  that  are  poor  in  silver,  1  gnn.),  disiBolving  in  S  to 
6  0. 0.  nitric  acid,  and  adding  from  the  burette  chloride  of  sodium  aofaiiioai 
— ^first  in  larger,  then  in  smaller  quantities — ^till  the  last  drops  prodooe  w 
further  turbidity.  The  last  drops  are  not  reckoned  with  tioe  rest.  Ihe 
operation  is  conducted,  as  regaords  shaTring,  Ac.,  as  previously  flTen. 
Suppose  we  had  weighed  off  0*5  grm.  of  the  alloy,  and  employed  S5  &  a 
of  the  chloride  of  sodium  solution — ^taking  the  above  supposed  vafaie  of 
the  latter — 

We  have  lOO'l  :  25  :  :  1-000  :  x 

a?  =  0-2497 

that  is,  the  silver  in  *5  grm.  of  the  alloy;  and  as  to  the  quantity  of  alloy  ^ 
we  have  to  weigh  off  for  the  assay  proper, 

We  have  -2497  :  1-003  :  :  -5  :  a; 

a;=  2-008. 

This  quantity  will,  of  course,  require  more  nitric  acid  for  solution  than  ^*^ 
was  previously  used  (use  10  c.  c).  In  cases  where  the  highest  degree  of  " 
accuracy  is  not  required,  the  results  afforded  by  this  rough  preliminary  * 
estimation  will  be  accurate  enough  if  the  experiment  is  carefilly  conducted,  ^^n 
since  they  give  the  ([uantity  of  silver  present  to  within  Yrhif  ^^  rhf  — 

Witli  alloys  which  contain  sulphur,  and  with  such  as  consist  of  gold  -^^ 
and  silver,  and  contain  a  little  tin,  Levol  *  employs  concentrated  sulphuric  "^^^ 
acid  (about  25  grm.)  as  solvent.  The  portion  of  the  alloy  is  boiled  with  -^** 
it  till  dissolved  ;  after  cooling,  the  fluid  is  treated  in  the  usual  manner.  ^-^  - 
As,  however,  concentrated  sulphuric  acid  fails  to  dissolve  all  the  silver  ^-^ 
when  there  is  much  copper  })resent,  Mas(.'azzint  f  digests  the  wei^^ied  J^^ 
portion  of  alloy  (which  may  contain  small  quantities  of  lead,  tin,  and  ^-^^ 
antimony, besides  gold)  first  with  the  least  possible  amount  of  nitrinsriil,    m   " 

*  Annal.  de  Ghim.  et  de  Phys.  8  ser.  44,  347.     f  Ghem.  OentralbL  1857, 80a 
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SB  long  as  red  vapors  are  formed ;  lie  tben  adds  concentrated  sulphuric 
acidf  boils  till  the  gold  has  settled  well  together,  adda  water  aft^r  cooling, 
then  proceeds  to  the  assay. 

2.  PisANi's  Method,* 

This  proceas  depends  on  the  following  remrtion  :  a  solution  of  iodide  of 
&t^rch  abided  to  a  neutral  solution  of  nitrate  of  silver  forni«  iotlide  of  silver 
and  (in  aW  probability)  iodate  of  silver.  The  blue  color  consf^rjuently 
vanish^-^fl,  and  on  contiiine<l  jidditiorks  of  the  iodide  of  starch,  th«"  tluid  does 
not  become  j^iermanently  blue  till  all  the  mti*uteof  fiilver  present  is  decora- 
p08*?d  iu  the  above  njanner.  The  iodide  of  starch  Bi>lrition  usetl  ia  there- 
fore prt:)portional  to  the  quantity  of  nitrate  of  silver.  Hence,  if  the  value 
of  the  ioiiide  of  starcli  solution  be  determined,  by  allow  in  ti  it  to  net  on  a 
certain  amnuni  of  silver  solution  of  known  strength,  we  shall  be  aVile  to 
eatioiAte  unknown  quantities  of  silver  with  the  greatest  ease,  provided 
that  the  silver  solution  is  free  fiom  all  other  substances  which  exert 
a  discomposing  action  on  the  iodide  of  starch.  Besides  the  ordinary 
reducing  agents,  the  following  salts  must  be  esjjecially  nienti4>ned  as 
po«Bi*s8ing  this  power  :  the  salts  of  suboxide  and  prottixide  of  mercury, 
of  protfixide  of  tin,  of  teroxide  of  antimony,  of  arsenious  acid,  of  pro- 
toxide? t»f  ii*on  and  of  protoxide  of  mangjinese,  also  chloride  of  gold  ;  salts 
of  loud  and  of  copper,  on  the  other  hand,  do  not  alVect  iodide  of  starch. 

The  iodide  of  st4ireh  is  j>refiared  as  follows :  raak**  an  intimate  mix  tuns 
in  a  murtar  of  2  gnu.  iodine  and  15  grm.  starch  with  the  addition  of  6 
to  8  dn>pH  of  water,  and  heat  the  slightly  moist  mLvture  in  a  closed  Hask 
m  a  water-bath,  till  the  original  violet-blue  color  has  passed  into  dark 
grayijih'blue — it  takes  about  an  hour.  The  iodide  of  starch  thus  pro- 
jjareii  is  then  digested  with  water ;  it  dissolves  completely  to  a  deep 
bluisb-bla^'k  fluid. 

Tbe  value  of  this  fluid  is  determined  by  allowing  it  to  act  on  10  c.  c. 
of  a  neutral  solution  of  nitrate  of  silver,  containing  1  grm.  of  jmre  silver 
in  1  litre, — the  silver  solution  is  mixed  with  a  little  pure  pi^eipitated 
Cftrbouate  of  lime  l*efore  adding  the  iodide  of  starch.  The  strength  of 
tkia  Utter  is  right,  if  50  tot'iU  c.  c.  are  used  in  tliis  experiment.  On 
adding  it,  at  fii^t  the  blue  color  disappeai's  rapidly,  and  the  fluid  becomes 
yeiluwijdi  from  the  iodide  of  silver.  The  end  of  the  operation  is  attained 
,  aa  the  fluid  is  bluish-green.  The  point  is  pretty  easy  to  hit,  and 
of  0*5  c.  c.  is  of  no  inip«>rtanee,  as  it  ouly  corresponds  to  about 
0*0d01  grm.  of  silver.  The  carbonate  of  Jime,  besides  mnjtralizing  the 
frw  Acid,  has  the  elfect  of  rendering  the  final  change  of  the  color  nun*© 
distidCtly  obK*-rvable.  To  analyze  an  alloy  of  silver  and  copper,  dis- 
8i>lve  abtjut  0'5  gi-m,  in  nitric  aciil,  dilute  to  100  c,  c.  to  lower  tlje  color 
of  the  cojq»er,  saturate  5  c.  c.  with  carbonate  of  lime^  and  add  iodide  of 
ch  till  the  coloi*ation  a|>pears.  <3r,you  may  tieteriuine  vetT  apjiroxi- 
pIj  the  amount  of  silver  in  2  c.  c.  of  the  solution,  then  precipitate 
{*r  pai-t  (aVmut  1^9 Jj)  of  the  silver  from  5U  e,  c.  of  the  sohition 
l^ndard  solution  of  chloride  of  sodium,  tilter  (for  the  cidoride  of 
P'rIso  exercises  a  dee<»lorizing  action),  *md  estimate  the  remainder 
ef  the  uilvcT  by  means  of  iodide  of  starch.  If  the  amount  of  silver  to  bo 
determined  is  more  thiiii  0*020  grm,,  it  is  always  better  to  employ  the 
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latter  method.  In  tbe  oaae  of  a  niirio  aoid  idatMa  ocmtMnlng  riWw 
with  lead,  the  latter  metal  is  first  precqdtated  with  salphuric  acid  and 
filtered  ofi^  carbonate  of  lime  is  added  to  the  filtrate  till  all  free  add  is 
neutralized,  the  fluid  is  filtered  again  (if  necessary),  and  lastly,  more 
carbonate  of  lime  ia  added,  and  then  the  iodide  of  starch.  Yery  dilute 
solutions  may  be  concentrated,  so  that  one  may  have  no  more  tiian 
liram  50  to  100  a  c  to  deal  with.  The  method  is  BpemHj  suited  for 
the  estimation  of  small  quantities  of  silver.  With  snoh  it  lias  afiTordad 
me  perfectly  satisfactory  results. 

Instead  of  the  standard  iodide  of  stardh,  a  dilute  standard  sdlutioa 
of  iodine  in  iodide  of  potassium  may  be  equally  well  employed^ — with 
addition  of  starch  solution  (Field  *). 


§116. 

2.  Oxide  of  Lead. 

«k  SoluHan. 

Few  of  the  salts  of  lead  are  soluble  in  water.  MetaDio  lead,  ozida 
of  lead,  and  most  of  the  salto  of  lead  that  are  insoluble  in  water  dissolve 
in  dUute  nitric  add.  Concentrated  nitric  add  eflbcto  neither  oompleto 
deoompoaition  nor  complete  solution,  since,  owixus  to  the  insolnbilitj  of 
nitrate  of  lead  in  concentrated  nitric  add,  the  mrst  portions  of  nitrate 
formed  protect  the  yet  undecomposed  parte  of  the  salt  ihnn  the  action 
of  the  add.  For  the  solubility  of  chloride  and  sulphate  of  lead,  see 
§  88.  As  we  shall  see  below,  the  analysis  of  these  compounds  may  be  , 
effected  without  dissolving  ^em.  Iodide  of  lead  dissolves  readily  in  ^ 
moderately  dilute  nitric  add  upon  application  of  heat,  with  separation     ^^ 

of  iodine.     Solution  of  potassa  is  the  only  menstruum  in  which  chro-   

mate  of  lead  dissolves  without  decompodtion ;  for  the  purpose  of  analy-  

sis,  the  chromate  is  best  converted  into  the  chloride  (see  below).     Sul 

phide  of  lead  may  be  converted  at  once  into  sulphate  (see  §  116,  2). 

5.  DetermincUion, 

Lead  may  be  determined  as  oxide^  nUphaUf  chramcUe^  or  tulphide  ^^ 
also  by  volumetric  analysis. 

We  may  convert  into 

1.  Oxide  or  Lead. 
a.  By  Precipitation, 

All  salte  of  lead  soluble  in  water,  and  those  of  ite  salte  which,  insolu 

ble  in  that  menstruum,  dissolve  in  nitric  add,  with  separation  of  theii^^^ 
add. 

5.  By  Ignition. 

eu  Salte  of  lead  with  readily  volatile  or  decomposable  inorganic 

0.  Salte  of  lead  with  organic  acids. 

•  Chem.  News,  ii  17. 


idd  cannot  be  separated  {1*001  the  solution. 

b,  J?y  Evaporation^ 

a.  All  the  oxides  of  lead,  and  also  the  Baits  of  lead  with  volatile 
icida. 
$.  Many  of  the  organic  compounds  of  lead* 

4,  Chromate  of  Lead, 

The  compounds  of  lead  soluble  in  water  or  nitric  acid, 

Tlie  application  of  these  several  methods  must  not  be  understood  to  he 
iT^rously  confined  to  the  compounds  specially  enumerated  under  their 
mpective  heads  ;  thus,  for  instance,  all  the  compounds  enuuiei-ated  sub 
1,  may  likewise  be  dctennined  aa  suljihate  of  lead ;  and,  as  above  meo- 
tionedy  all  soluble  conipmiuds  f if  lead  may  be  converted  into  sulphide  of 
also,  in  sulphate  of  lead  the  lead  may  he  without  difficulty  deter- 
Stined  as  sulphide.  Chloride,  bromide,  and  ioclide  of  lead  are  most  con- 
veniently reduced  to  the  metallic  state  in  a  current  of  liydrogen  gas,  in 
the  manner  described  §  lib  (Reduction  of  chloride  of  silver),  if  it  is  not 
dceiULMl  preferable  to  dissolve  them  lq  water,  or  to  decompose  tliem  by 
a  boiling  solution  of  carbonate  of  soda.  If  the  reduction  method  is 
n:soi-ted  to,  the  heat  applied  sliould  not  be  too  intense,  since  this  might 
cause  some  cldoride  of  lead  to  volatUize, 

The  higher  oxides  of  lead  are  reduced  by  ignition  to  the  state  of  aim- 
pie  oxide,  and  may  thus  he  readily  analyzed  and  dissolved,  Should  the 
operator  wish  to  avoid  having  recourse  to  ignition,  the  most  simple 
ie  of  dissolving  the  higher  oxides  of  lead  is  to  act  ujiou  them  with 
lUs  nitric  acid,  with  the  addition  of  alcohol.  For  the  iiiethods  of 
lyzing  sulphate,  chromate,  iodide,  and  bromide  of  leatl,  I  refer  to  the 
iphs  treating  of  the  corresponding  acids,  in  the  second  part  of 
Section.  To  effect  the  estimation  of  lead  in  the  oxide  and  in  niatiy 
of  lead,  especially  also  in  the  sulphate,  the  compound  uuder  ex- 
iminatioii  may  be  fused  with  cyanide  of  potassium,  and  the  metallic 
lead  obtained  well  washed,  and  weighed.  From  the  sulphide  also  the 
gTt«t4?r  portion  of  the  lead  may  be  separated  by  this  method,  but  never 
the  whole  (H,  B08B*). 

L  J>etermin€tti<m  aa  Oaotde* 
ff.  JJt/  Precipitation* 

Mix  the  moderately  dilute   solution  with  carbonate  of  ammonia  f 

•  Fogy.  Annal  01,  144. 

f  Oxalate  of  ammonia,  which  has  been  f^o  highly  reoommeadod  »■  a  precipitant 
Cor  laad,  is  not  so  delicate  (ue  the  carboaate.  My  experience  in  this  respeot  co* 
*     ■*     with  F.  Mohr'a  (Expt.  No.  48). 
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di^tl J  in  ezoess,  add  Mmie  CMistio  ammnnii,  apply  a  gBiiftle  hnA^  and, 
after  some  time,  filter.  Waah  the  preoipitate  wxUl  ^nm  irater,  dry, 
and  ignite  in  a  porcelain  cradble,  haying  prericnuly  imoiiMinifted  the 
filter  on  the  lid.  For  the  properties  of  the  precipitate  and  nMddne^  see 
§  83.  The  results  are  satisfeu^ry,  althon^^  genraallv  a  trifie  too  low, 
owing  to  carbonate  of  lead  not  b^ng  abmntelj  inaoinbla,  partumlarlj 
in  fluids  rich  in  ammoniacal  salts  (Expt.  No.  47).  A  aoBall  and 
thin  filter  should  be  used,  and  care  taken  to  remoTe  the  precipitate 
as  completely  as  practicable  before  proceeding  to  ineinenUdon ;  other- 
wise additional  loss  of  substance  might  be  inooned,  from  rednetioii  of 
the  adhering  particles  of  the  carbonate  to  metallic  1«mL 

5.  St/  Ignition, 

Compounds  like  carbonate  or  nitrate  of  lead  are  cantioasly  ignited 
in  a  porcelain  crucible,  until  the  weight  remains  oonstant.  In  case  of 
salts  of  lead  with  organic  acids,  the  substance  is  very  gently  heated  in> 
small  covered  porcelain  crucible,  which  is  included  within  a  lam  one, 
also  oovered,  until  the  organic  matter  is  completely  carboniaed ;  the  lids 
are  then  removed,  when  the  mass  begins  to  ignite,  and  a  mixture  of 
oxide  of  lead  with  metallic  lead  results,  which  may  stall  contain  nnoon- 
Bumed  carbon.  A  few  pieces  of  recently  fused  nitrate  of  ammonia  an 
now  thrown  into  the  inner  crucible,  which  hasprevioualy  been  removed 
from  the  flame,  and  both  are  again  covered.  The  salt  frues,  oxidixea  the 
lead,  and  converts  it  partly  into  nitrate.  The  whole  is  now  vary  gnd* 
nally  raised  to  a  red  heat,  until  no  more  fumes  of  hyponitcic  aoid  eaeape. 
The  residuary  oxide  is  then  weighed. 

The  results  are  satis&ctory. 

2.  Determination  as  Sulphide, 

Lead  may  be  completely  precipitated  from  acid,  neutral,  and  alkaline  « 
solutions  by  sulphuretted  hydrogen,  and  also  from  neutral  and  alkaline  a 
solutions  by  sulphide  of  ammonium.     Precipitation  from  acid  solution^ 
is  usually  employed,  especially  in  separations.     A  large  excess  of  acidJ 
and  also  warming  should  both  be  avoided.     The  former  is  prejudic   ~ 
to  complete  precipitation  (8  83,  e),  the  latter  may  readily  occasion  the- 
re-solution of  the  sulphide  that  has  already  been  precipitated.     In  ordei" 
to  guard  against  incomplete  precipitation,  before  filtering,  test  a  portiona 
of  the  su|)ernatant  fluid  by  mixing  with  a  relatively  large  quantity  of 
strong  sulphuretted  hydrogen  water ;  of  course  the  mixture  should  re* 
main  clear. 

After  the  sulphide  has  been  filtered  off,  washed  with  cold  water,  and 
dried,  it  is  transferred,  together  with  the  filter-ash,  to  a  porcelain  cruci- 
ble, a  little  sulphur  added,  and  ignited  in  hydrogen  till  its  weight 
constant.     It  should  always  be  allowed  to  cool  in  a  current  of  the  gv 
before  being   weighed.     As  regards  the  apparatus,  see    §    108,  2,  figZ— 
47.     For  the  properties  of  the  residue,  see  §  83,  e.     The  results  are  very — ^ 
satisfactory  (H.  Rose).     The  heat  of  the  ignition  must  not  be  too  low^^- 

or  the  residue  will  contain  too  much  sulphur ;  nor  too  high,  or  the  sul 

phide  of  lead  will  begin  to  volatilize.*     Drying  the  precipitate  at  lOO"*^ 

[*  Acooiding  to  Souchay,  the  ignition  most  not  last  more  than  5-10  ^^rutw,^ 
and  only  the  base  of  the  cmcible  (to  one-fonrth  its  height)  should  be  heated  t^^ 
ledneas ;  even  then  the  result  is  likely  to  fall  out  slightly  too  low.  Fzes.  T^ellimTnift  j 
IV.  65.] 
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i  be  recaminended  (§  83,  e).  If,  for  want  of  a  suitable  apparatus, 
tbe  igmtton  in  hydrogen  cannot  be  performed,  tlie  dry  sulpbide  may  be 
mmwerted  into  sulphate  and  then  weighed.  To  this  end  it  is  trana- 
ferred  to  a  beaker,  the  filter-ash  added,  then  fuming  nitric  acid,  drop 
by  drop,  the  vessel  being  kept  covered  with  a  glass  plate.  When  the 
oxidation  is  finisilied,  a  gentle  heat  is  applied  for  some  time^  and  the 
Qontenta  of  the  beaker  are  then  poured  into  a  small  poreelain  diwh,  the 
former  is  rinsed,  a  few  drofia  of  a\jlphuric  acid  are  add^nl,  the  mixture  is 
iBPcfiilly  evajiorated^  and  the  residue  ignited.  Hie  accuracy  of  the 
reftult  is  entirely  dependent  on  the  care  with  whicJi  the  operation 
is  conducted.  Fumtug  nitric  must  be  used,  as  directed,  for  oxidizing 
ike  precipitate,  othen^nse  sulphur  8e|>anitea,  which,  on  waiming  with 
ireeker  acid,  fuses,  and  only  oxidizes  with  extreme  slowness, 

3,  I>€termi}viUi4tn  a*  Sulphate. 
a.  J5y  PrtcipittUion^ 

Mix  the  solution  (which  should  not  be  over-dilute)  with  moder- 
ly  dilute  pui-e  sulphuric  acid  slightly  in  excess,  and  add  to  the  mix- 
ture doubie  its  volume  of  Hpirit  of  wine ;  wait  a  few  hours,  to  allow  the 
precipitate  to  subside ;  filter,  wash  the  precipitates  with  spirit  of  wine, 
dry,  and  ignite,  after  the  method  described  in  §  hX  Though  a  careful 
Operator  may  use  a  platinum  crucible,  «till  a  thin  p^orcelain  crucible 
is  pfvferable.  A  small  and  thin  filter  should  be  employed,  and  the  ad> 
Ui*rin^  snlphate  of  lead  carefully  removed  before  proceeding  to  incinera- 
tion (see  1,  a), 

^,  111  case9  where  the  addition  of  spirit  of  wine  Ls  inadmi^silile,  a 
greater  excess  of  sulphuric  acid  must  be  used,  and  the  pi-ecijntate, 
which  is  allowod  some  time  to  subside,  filtered,  and  wiished  fii-st  with 
water  acidulated  with  a  few  drops  of  suljihuric  acid,  then  re|)eatedly 
with  spii"it  of  wine.  The  remainder  of  the  process  is  conducted  as 
in  a. 

For  the  properties  of  the  precipitttte,  see  g  85.  The  raetliod  a  gives 
accurate  r<*sidt8;  those  obtiiined  by  3  are  leas  exact  (a  little  too  low), 
but  still,  however,  satisfactury,  if  the  directions  given  are  lulhered  to.  If, 
on  the?  contrary,  a  proper  excess  of  sulphuric  acid  is  not  atldt^d,  in  the 
pnsiwuce,  for  instance,  of  amraoiuacal  f?alts,  nitric  acitl,  A'C,  the  leatl  is 
uot  comjdetely  precipitated,  and  if  pure  water  is  used  for  washing,  de- 
dded  tracer  of  the  precipitate  are  dissolved* 


Sy  Simporation. 


A,  Put  the  substance  into  a  weighed  dish,  dissolve  in  dilute  nitric 
acid,  mill  moderately  dilute  pun?  sulphuric  acid  slightly  in  excess,  and 
evaporau?  »t  a  gentle  heat>  be«t  over  a  heated  iron  c\%\\  until  the  excesa 
of  milphuric  acid  is  eomplettdy  expelled.  In  the  absence  of  orgujuc  sub- 
tftancex,  the  evaporation  may  be  eHected  without  fear  in  a  j^latiimm 
diala;  but  if  organic  substances  are  present,  a  liglit  pnrLvlaiii  di^  is  pre- 
inrmble*  With  due  eai-e  in  the  pi-occss  of  evaf»oratiou,  the  results  are 
pa^betly  accurate. 

p.  Organic  compounds  of  lead  are  converted  into  the  sulphate  by  treat- 
ing ibfflii,  in  a  porcelain  ei^eible,  with  pure  concentrated  sulphuric  acid  in 
evmporating  cautiously  in  the  well-covered  crucible  until  the 


220  BETEBMINATIOir.  [§  117. 

excess  of  sulphuric  acid  is  completely  expelled,  and  igniting  the  residue. 
Should  the  latter  not  look  perfectly  white,  it  must  be  moistened  once 
more  with  sulphuric  acid,  aud  the  opei*ation  repeated.  The  method  gives, 
when  conducted  with  great  care,  accurate  results ;  a  trifling  loss  is,  how- 
ever, usually  iucun-ed,  the  escaping  sulphurous  acid  and  carbonic  acid 
gases  being  liable  to  carry  away  traces  of  the  salt. 

4.  Determination  as  Chramate  of  Lead, 

If  the  solution  is  not  already  distinctly  acid,  render  it  so  with  acetic 
acid,  then  add  bichromate  of  potassa  in  excess,  and,  if  free  nitric  acid  baa 
been  present,  add  acetate  of  soda  in  sufficient  quantity  to  replace  tlie  free 
nitric  acid  by  fi*ee  acetic  acid  ;  let  the  precipitate  subside  at  a  gentle  heat, 
and  collect  on  a  weighed  filter  dried  at  100° ;  wash  with  water,  dry  at 
100°,  and  weigh.  The  precipitate  may  also  be  ignited  according  to  §  r>3, 
but  in  this  caKO  care  must  be  taken  tliat  hardly  any  of  the  salt  remains 
adhering  to  tlie  paper,  and  tliat  the  heat  is  not  too  high.  For  the 
properties  of  the  precipitate,  see  §  93,  2.  The  results  are  accurate. 
(Expt.  No.  76.) 

5.  Determination  of  Lead  hy  Vblufnetric  Analysis, 

H.  ScnwARz's  new  method.*  To  the  nitric  acid  solution  add  ammo- 
nia or  carbonate  of  soda,  as  long  as  the  precipitate  redissolves  on  sliak- 
ing ;  mix  with  acetnte  of  soda  in  not  too  small  quantity,  and  then  iTin  in 
from  a  burette  a  solution  of  bichromate  of  potash  (containing  14*759 
grm.  in  the  litre)  till  the  precipitate  begins  to  settle  rapidly.  Now  place 
on  a  pora'laiu  i>iate  a  number  of  drops  of  a  solution  of  neutral  nitrate 
of  silvtT,  and  proceed  with  the  addition  of  the  chromate,  two  or  three 
di*ops  at  a  time,  stirring  carefully  after  each  addition.  When  the  pre- 
cipitiite  has  settled  tolerably  clear,  which  takes  only  a  few  seconds,  re- 
move a  drop  of  the  supernatant  liquid  and  mix  it  with  one  of  the  dro|)8 
of  silver  on  the  plate.  A  small  excess  of  chromate  gives  at  once  a  dis- 
tinct red  coloration ;  the  precipitated  chromate  of  lead  does  not  act  on 
the  silver  solution,  but  remains  suspended  in  the  drop.  The  nimiber  of 
c.  c.  of  solution  of  olironiate  used  (minus  0*1,  which  ScnwARZ  deducts 
for  the  excess)  multiplied  by  0'020 7= the  quantity  of  lead.  If  the  fluid 
ap|H»ar  yellow  In'fore  tlie  reaction  with  the  silver  salt  occurs,  acetate  of 
soda  is  wanting.  In  such  a  case,  first  add  more  acetate  of  soda,  then  1 
c.  c.  of  a  solution  containing  0*0207  lead  in  1  c.  c,  complete  the  process 
in  the  usual  way,  and  deduct  1  c.  c.  from  the  quantity  of  chromate  used 
on  account  of  the  extra  lead  added.  Any  iron  present  must  be  in  the 
form  of  S(>squioxide ;  metals  whose  chromates  are  insoluble,  most  be 
rtmiovoil  before  the  method  can  be  employed. 

§117. 

3.  Suboxide  of  Mercury. 

a,  Si)Iutio}K 

SuWxido  of  mereurv  and  its  com]>ounds  may  generally  be  diasolTed 
by  moans  of  dilute  nitrio  noid,  but  without  application  of  heat  if  convei^ 
sion  of  any  of  the  suln^xide  into  oxide  is  to  l>e  avoided.  If  all  that  is 
wquinni  is  to  dissolve  the  nioreury,  the  easiest  way  is  to  warm  the  sub- 
Bttnce  for  siime  time  with  nitric  acid,  then  add  hydrochloric  acid,  drop 

*  Dingl  Poljt.  Joom.  169,  284. 
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by  drop,  and  continue  the  appUoation  of  a  moderate  heat  nntil  a  perfectly 
clear  solution  is  produced,  which  now  contains  all  the  mercury  as  oxide 
md  chloride.  Heating  the  solution  to  boiling  must  be  carefully  avoided, 
as  otherwise  chloride  of  mercury  may  escape  with  the  steam. 

h,   Determination, 

If  it  is  impracticable  to  produce  a  solution  of  the  suboxide  or  its  com- 
pounds perfectly  fre^e  irom  oxide,  and  it  bec4)mes  lujconlingly  necessary 
to  convert  the  mercury  completely  into  oxide^  the  latter  is  determined 
tt  directed  g  11**,     But  if  a  solution  of  suboxide  ha«  been  obtained, 
<|aite  free  from  oxide,  the  determination   of  the  suboxide  may  bo  biused 
^Mm  the  insolubility  of  aubchloride  of  mercury,  nnd  eflected  either 
^^^■crimetrically  or  volu metrically,     Tlie  process  of  dett^rmining  mercurj', 
macribed  §  118,  1,  o,  may,,  of  course,  be  applied  equally  well  in  the  ca^e 
of  compounds  of  Bubo:dde  of  mercury* 

1.    Det^rrrttinrttion  tts  Suhchlorid^  of  Wercur}/. 

Mix  tlie  cold  highly  dilute  sohition  with  solution  of  chloride  of  sodium, 
BS  long  tts  a  preci[>itjit-e  forms ;  let  the  precipitate  ^iibbide,  collect  on  a 
ifveighed  filter,  dry  at  1U0°,  and  weigh.  For  the  properties  of  tire  pre- 
cipitate, see  §  84.     Results  accurate. 

If  the  solution  of  suboxide  of  mercury  contains  much  free  nitric  acid, 
the  great-er  part  of  this  should  be  neutralized  with  carbonate  of  soda 
i  httfore  adding  the  chloride  of  sodium, 

^^K  2*    T^olunhetmc  Methoih^ 

^^BBiTTeral  methods  have  been  proposed  under  this  head:  the  following 
HR  tho«ie  which  are  most  worthy  of  recommendation  : — 

a,  Mix  the  cold  srdution  \^ith  deciuormal  .solution  of  chloride  of  sodiiun 
(§  117,  ^),  until  this  no  longer  produces  a  precipitate,  and  is  accord- 
ingly jiresent  in  excess ;  filter  and  wa«h  thoroughly,  taking  caiie,  however, 
U>  Imiit  the  quantity  of  water  used ;  add  a  few  drops  of  solution  of  chro- 
mate  of  iM>tassa,  then  pure  carbonate  of  soda,  suilicient  to  imjiart  a  lip;ht 
yellow  tint  to  the  fluid,  and  deterraine,  by  means  of  sr>lution  of  nitrate 
of  aUver  (§  141,  ^&,  a),  the  quantity  of  chloride  of  sodium  in  solution, 
ootise*piently  the  quantity  which  has  been  added  in  excess;  this  shows, 
of  oouiTbe,  also  the  amount  of  chloride  of  sodium  consumed  in  ell'eeting 
the  preci]iitation»  One  cqiavaltnt  of  Hg^  t)  i«  reckoned  for  every  equi* 
vaJent  of  Na  CI,  consequently  for  every  e.  c.  of  the  decinoriual  soluti*m 
of  chloride  of  sodium,  0-U2U8  grm.  of  suboxide  of  mercury.  As  tilteriiig 
ilui  wa&liiug  form  imlisiH^naable  parts  of  the  process,  this  method  ullurdji 
tt  advantage  over  the  gravimetric  ;  however,  the  resiUts  are  accu- 
MotiR  *).  The  two  methods,  1  and  2,  a,  may  also  bo  advan- 
tageoujsly  combineih 

h.  The  solution  containing  the  mercvny  in  the  form  of  suboxide  is 
dilut^l  with  enough  water,  gently  warmed,  and  solution  of  hypo,sul|diite 
f>f  soda — 1 2*4  grnis,  in  the  litre — -added  (waiting  a  little  aud  shaking 
Tigorously  after  each  addition),  till  the  hu?t  drop  gives  no  brown  colorn- 
tion.  The  subsidphide  of  iiiereury  formed  subsides  well  and  quickly, 
mt&d  the  end  of  the  reaction  is  easy  to  perceive  {Hg^O,  K  O^-j-Na  O,  ^ 
0,;=Hg.  S-I-Na  O,  H  0,-f  N  (_\)/Each  I  c,  c.  of  the  sotutiou  emidoyed 
^H>208  suboxide  of  mercury  or  -0200  mercury.    Results  accurate  (J.J, 

\Y 
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4.  OxjDE  OF  Mebcurt, 

a.  Solution, 

Oxide  of  mercury,  and  those  of  its  compounds  which  are  insoluble  in 
water,  are  diasolved,  according  to  circumstances,  in  hydrochloric  acid  or 
in  nitric  acid.  Sulphide  of  mercury  is  heated  with  hydrochloric  acid, 
and  nitric  acid  or  chlomte  of  pottissa  added  until  comjdete  Bolution  en- 
BueH ;  it  is,  however^  most  readily  dissolved  by  suspending  it  in  diltite 
potasaa  and  transmitting  cidorine,  at  the  same  time  gtmtly  wanning  (H. 
Rose).  When  a  solution  of  cldoride  of  mercury  is  evaporated  on  the 
water-bath,  chloride  of  mercury  escapes  with  the  aqueous  vapor. 

Mercury  may  be  weighed  in  the  TnetnUic  state^  or  as  snihcJdoride^  mti- 

phule^  or  oxule  (84) ;  in  separatioiis  it  is  sometimeB  determined  as  loss  oa 
ignition.     It  may  also  he  estiTOat^d  vohmietrically. 

The  throe  first  methods  may  l>e  used  in  almost  all  cases  j  the  determi- 
nation ti8  oxide,  on  the  contrary,  is  possible  only  in  compounds  of  the 
oxide  or  suboxide  with  nitric  acid*  The  methods  by  which  the  mercury 
is  determined  as  subcbloride  or  sulphide  are  t-o  be  preferred  before  those 
in  which  it  is  separated  in  the  metallic  form.  Of  the  volumetric  methoda 
the  first  can  be  employed  in  many  cases,  while  the  second  and  tliii-d  are 
only  of  very  limited  application. 

L  Determination  an  Metallic  Mercury, 

a.   In  the  Dry   IVfii/, 
The  process  i»  conducted  in  the  apparatus  illustrated  by  fig,  50. 


Fig,  5a 

Take  a  tube  eighteen  inches  long,  and  about  foiir  lines  wide,  made  of 
diffictiltly  fusible  glass,  and  sealed  at  one  end.  First  put  into  the  tube  a 
mixture  of  bicarbonate  of  soda  and  powdered  chalk,  then  a  layer  of 
quick-lime;  these  two  will  occupy  the  space  from  a  to  6.  (Let  the  mix- 
ture for  generating  carhotdc  acid  take  up  about  two  inches).  Tlien  add 
the  intimate  mixture  of  the  substance  with  an  excess  of  quick-lime  (6-c), 
then  the  lime-rinsings  of  the  mortar  {c-<l)^  then  a  layer  of  quick-lime 
(fi-«),and  lastly,  a  loose  stopper  of  asbestns  {^^f)*  The  anterior  end  of 
the  tube  is  then  drawn  out,  and  bent  at  a  somewhat  obtuse  angle.  The 
manipulations  in  the  processes  of  mixing  and  filling  being  the  same  as 
in  organic  analysis,  they  will  be  found  in  detail  in  the  chapter  on  that 
subject, 

A  few  gentle  taps  upon  the  table  are  sufficient  to  shake  the  oonteiiti 
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of  the  tube  down  so  aii  to  leave  a  free  passage  throngli  the  wliole  length 
of  the  tube.  The  tube,  so  prepared  and  arranged,  is  now  phiced  in  a 
eombustion  furnace,  the  point  being  inserted  into  a  flask  containing 
wmter,  the  surface  of  which  it  should  juat  touch,  so  that  the  opening  raay 
he  just  closed. 

The  tube  is  now  surrounded  with  red-hot  charcoal,  in  the  Hame  way 
as  in  organic  analysis,  proceeding  slowly  from  e  to  «,  the  last  ti^aces  of 
mercunal  vapor  being  expelled  by  heating  the  mixture  at  the  sealed 
end  of  the  tube.     Whilst  the  tube  still  remains  in  a  state  of  intense 
i|^tton,  the  week  is  cut  off  at/*,  and  carefully  and  coiiipletely  rinsed  in- 
to the  receiving  Ihisk,  by  means  of  a  wayUiug-hottle.    The  siii all  globules 
of  mercury  which  have  distilled  over  are  united  into  a  large  one,  by  agi- 
tating tlie  Ihtisk,  and,  after  the  lapse  uf  siome  time,  iht*  perfectly  clear 
witer  is  dt^canted,  and  the  mercury  poured  into  a  wt^ighed  porcelain 
cmcibk*.  where  the  greater  portion  of  the  water  still  adheHng  to  it  is 
mnoved  with  blotting- paper*     The  mercuiy  is  then  tioally  dried  under 
M  bfdl'jarj  over  a:»ncentrated  sulphuric  acid,  mitil  the  weight  remains 
IBMIant.     Heat  must  not  be  aiijdied.     For  the  properties  of  tlie  metal, 
Ite  §  84.     In  the  case  of  sulphideii,  in  order  to  avoid  the  presence  of 
vajior  watvr  in  the  tube,  which  would  gi\^e  rise,  to  the  fonnation  of  buI- 
pJiiUM;tted    hydrogen,  the    mixtui-e  of   bicarbonate   of   soda    and  clialk 
**  n?pta<*ed   by  magnesite.      Iodide  of  mercury  cannot    be    coinplt-tely 
ipo«ied  by  lime.     To  analyze  this  in  the  dry  way,  substitute  tinely 
ided  metallic  copper  for  the  lime  (H.  Hose*),     The  accuracy  of  the 
111*  m  entirely  dependent  iijion  the  care  bestowed.     The  most  highly 
•<>c\inile  results  are,  however,  obtained  by  the  application  of  the  some- 
*^lifit  more  complicated  motlitication  adopted  by  Ekx>makn  and  ^lAKtiMND 
^*^  the  dett?rmination  of  the  atomic  weight  of  mercuiy  an  d  of  h  u  Iphur.    For 
details  of  this  modified  process,  I  refrr  to  the  original  eKKay,t  nimply 
larking  here,  that  the  distillation  is  cotiduet<*tl,  in  a  cojubustion-tube, 
P*   a  ctirrt^nt  of  carbonic  gas,  and    that    the  diRtillate  is  rt^ceived  in  a 
'*^^ighcd  bulb  apparatus  with  the  outer  end  filled  with  gold-leaf,  to  in* 
^'^it^'  the  condensation  of  every  trace  of  mercury  vapor.     This  way  of 
l^^^gvuig  and  condenjnng  may  be   employed  also  in  the    analysis  of 
(K05IO  J). 

ft.  In  tfi€  Wet  Wat/. 
The  solution,  free  fi*om  nitric  acid,  and  mixed  with  free  hydrochloric 
>  is  precipitated,  in  a  Uask,  with  an  excess  of  a  clear  solution  of  proto- 
ide  of  tin,  containing  free  hydrochloric  acid;  the  mixture  is  boiled 
iiahort  time,  and  then  allowed  to  cool.      After  some  time,  the  perfectly 
rpiip«*niatant  fluid  is  decanted  from  the  metallic  mercury,  which,  under 
Me  circumstances,  will  be  fouud  united  into  one  globule  ;  if  this  is 
Fcase,  t}ie  globule  of  mercury  may  l>e  washed  at  once  by  decantation. 
With  wat-er  acidulated  mth  hydrochloric  acid,  and  timilly  with  pure 
^At««r;  it  is  dried  as  in  a. 
11^  on  the  other  hand,  the  particles  of  the  mercury  have  not  united, 
tanioa  in  one  globule  may  as  a  rule  be  readily  effected  by  boiling  a 
i  1aaB0  with  some  moderately  dilute  hydrochloric  acid  mixed  with  a 


•  Pof^,  AimaL  110,  54e. 

JJoam.  t  pnkt  Chem.  SI,  885;  also  Fburm.  GentnklbL  1844,  864. 
Joom.  L  prakt.  Chem.  70,  64. 
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Am  without  leaving  a  residue.     (The  precipitate  ia  retained  on  the  filter 
taroughaut  this  opei*ation-) 

Properties  of  the  sulphide  of  mercury,  §  84, 

4,  J}et&rmitmtum  aa  Oxid^, 

In  the  salt«  of  tJie  oxides  of  meixury,  with  nitrogen  acids,  the  metal 
may  lie  veiy  con%'eniently  det-ermined  in  the  form  of  oxide  {Makionac  *). 
For  this  purpose,  the  salt  is  heat<?d  in  a  bulb-tube^  of  which  the  one  end, 
drawn  out  to  a  point,  dipa  under  water,  the  other  end  being  connected 
with  a  gasometer,  by  means  of  which  dry  air  is  transmitted  tlnough  the 
tube,  as  long  a»  tlie  application  of  heat  ia  continued.  In  tlmi  way  com- 
{ilete  deooiuposition  of  the  salt  is  readily  eti'ected,  mtliout  reaching  the 
temperature  at  which  the  oacide  itself  would  be  decomposed. 

5.  Vciumeirie  Methods, 

After  J,  J.  Bi^HKRER.f  The  nitrate  or  chloride  of  mercury  may  be 
directly  determined  with  hyposulphite  of  sodii.  The  reactions  are  as 
joUows :  3  ( Hg  O,  N  O,)  +  2*(Na  O,  S^  O,  )  =  (2  Hg  S  +  Hg  O,  N  0,)  +  2 
(NaO,SO,)  4-  2NO,and3HgCl  +  2(NaO,a,0,)  +  2HO=(2Hg 
S,  Hg  CI)  +  2  (Na  <),  Sr)^)  +  2  H  CL  The  process  is  conducted  as  follows 
in  the  case  of  nitmte  of  mercury  :  Mix  the  highly  dihite  solution  with  a 
little  free  nitric  acid  in  a  tall  glass  and  add  drop  by  drop  solution  of  hypo- 
sulphite of  soda — 12*4  grm.  in  a  Utre,  Each  drop  produces  an  intense 
yellow  cloud,  which  on  shaking  quickly  subsides  in  the  form  of  a  heavy 
Socmlent  precipitate  (2  Hg  8  +  Hg  O,  N  O^),  In  order  to  distinguish 
clearly  the  exact  end  of  the  reaction,  Scoeker  recommends  to  transfer 
the  fluid  towards  the  end  to  a  measuring  flask,  to  take  out  ^  or  |^  of  the 
dear  fluid  and  to  finish  vnih.  this.  The  portion  of  hyposnljdiite  last  used 
is  multifilied  by  3  or  2,  as  the  case  may  be,  and  added  to  the  quantity 
first  used,  1  c.  c.  of  the  solution  corresponds  to  *01o  mercury,  or  '0162 
oxide  of  mercury.  The  relation  is  not  changed  even  when  the  fluid  con- 
tains another  acid  (sulphuric,  phosphoric). 

In  the  case  of  chloride  of  mercury,  tlie  highly  dilute  solution  is  mixed 
with  a  little  hydrochloric  acid  and  wanned,  nearly  to  boiling,  before 
bt^nning  to  add  the  hjrposulphite  of  soda.  At  first  a  white  turbidity  is 
£iinued,  then  the  precipitate  sepai-ates  in  thick  flcwks.  When  the  sokition 
;ina  to  appear  transparent,  the  precipitant  is  added  more  slowly.  In 
er  to  hit  the  end  of  the  reaction  exactly,  small  portions  must  be  filtered 
ofT  towarils  the  close.  The  precijdtate  must  be  completely  white  ;  if  too 
ch  hyfiosulphite  has  been  added,  it  is  gray  or  blackish,  and  the  experi* 
ki  must  lie  repeated.  Sciierer  obtained  very  accurate  results.  Of 
I  no  other  metals  must  be  present  that  exert  a  decomposing  action 
I  hyposulphite  of  soda. 


§119. 

6.  Oxn>E  OF  Copper. 

JShiulion^ 

llic  copper  is  best  dissolved  in  nitric  acid.     Oxide  of  copper,  and 

tliosG  of  its  salts  which  are  insoluble  in  water^  may  be  dissolved  in  nitric^ 
hydrochloric,  or  sulphuric  acid.     Sulphide  of  copper  is  treated  with 

*  Jahreaber.  Ton  Liebig  u  Kopp,  1&40,  594. 
4  Hi«  Lehrbach  der  Ckemie.  L  513. 
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fuming  nitric  acid,  or  it  is  heated  witli  moderately  dilute  nitric  add, 
until  Sie  separated  sulphur  exhibits  a  pure  yellow  tint ;  addition  of  a 
little  hydrochloric  ttcid  or  chlorate  of  potassa  great ly  promotes  the  action 
of  the  dilute  acid,  [Native  sulphides  are  easily  decom|>osed  by  a  mix- 
ture of  strong  nitric  and  sulphuiic  acids.] 

h*  J}eierminaiion» 

Copper  may  be  weighed  in  the  form  of  oxuJe,  or  in  the  metallic  j 
or  as  »uh»idphide  (§  85).     Into  the  form  of  oxide  it  is  converted  by  [    ^ 
cipitation  or  ignition,  sometinie!^  with  previous  precipitation  aa  sulphidi^ 
The  determination  as  Bubsnilpliide  is  preceded  usually  by  precipitation 
either  aa  sulphide  or  as  siilphocyanide.     Copper  may  be  determined  alio 
by  various  volumetric  and  indirect  methods. 

We  may  convert  into 

L  Oxide  of  Copper. 

a.  By  direct  I^recipitaHon  ob  Oxide. 

All  salts  of  oxide  of  copfH?r  soluble  in  water,  and  also  those  of  the  1 
soluble  salts,  the  acids  of  which  may  be  removed  upon  solution  in  j 
acid,  provided  no  non-volatile  organic  substances  be  present. 

L  By  I*reeipi(<Utony  preceded  by  Ignition  of  the  Compm^n 
Such  of  the  salts  enumerated  sub  a  as  contain  a  non-volatile  org 
substance,  thus  more  particularly  salts  of  copper  with  non-volatile  org 
acids, 

c.  By  Brecipitaii^m  as  Sulphide  of  Copper^ 
All  compoimds  of  copper  without  exception. 

d.  By  Ignition, 

Salts  of  copper  M-ith  oxygen  acids  that  are  readily  volatile  or  deiXRBh 
posable  at  a  high  tem{>eratur©  (carbonate  of  copper,  nitrate  of  copper)*  J 

2.  Metallic  Copper. 

Oxide  of  cop|>er  in  all  solutions  free  from  other  metab  precipitable  by 


3.   SUBSLTLPHIBE   OF    CoPPER. 

Oxide  of  copper  in  all  cases  In  which  no  other  metals  are  present  that 
are  precipitable  by  sulphuretted  hydrogen,  hyposulphite  of  soda,  or  sixl- 
phocyanide  of  |>otas8ium* 

Of  the  methods  of  estimating  co|>]>er,  I  prefer^in  all  cases  where  the 
choice  is  left  free  and  where  precipitation  cannot  be  avoided — ^method 
2,  as  the  process  is  more  rapidly  performed  than  is  the  case  with  method 
1,  while  the  results  are,  at  least,  equally  accurate.  Method  3  finds  ap- 
plication chiefly  in  separations  of  copper  from  other  metals,  and  is,  as 
now  carried  out,  very  exact  and  convenient.  The  volumetric  methods 
are  espjecially  adapttid  for  technical  purposes,  biitt  they  are  inferior  to 
method  2  in  simplicity  and  accuracy, 

1.  Bet^mlnctiion  as  Oxide  of  Copper. 
a.  By  direct  BrecipUation  as  Oxide, 

flu  ^Vom  Neutral  or  Acid  SoltUiona, 
Heat  the  rather  dilute  solution  in  a  platinum  or  porcelain  dish,  to  fl>* 
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cipieiit  ebullition,  add  a  somewhat  dilute  solution  of  pure  soda  or  potassa 
tuxtH  Oke  formation  of  a  precipitate  wasea,  and  keep  the  mixture  a  few 
miAutes  longer  at  a  temperature  near  hoiling.  Allow  to  BuhHide,  filter 
off  the  fluid,  wa^ih  the  precipitate  by  decaDtation  twic€s  or  thrice,  boiling 
up  aach  titue,  then  collect  it  on  the  filter,  wash  thoroughly  with  hot 
^^illler,  dry,  and  i^iite  in  a  platimim  crucible,  iia  directed  §  53,  After 
intenae  ignition^  and  having  added  Uie  ash  of  the  filter,  let  the  crucible 
cool  in  the  desiccator,  and  weigh.  The  action  of  reducing  gases  muat  be 
carefully  guarded  against  in  Uie  procecis  of  ignition. 

It  will  sometimes  happen,  though  nioBtly  from  want  of  proper  atten- 
tioii  to  the  directions  here  given,  that  particlei*  of  tlie  oxide  of  copper 
adheire  so  tenaciously  to  the  dish  as  to  be  mechanically  iri'emovahle.  In 
a  case  of  this  kind,  after  washing  the  dish  thoroughly^  dissohe  the  ad- 
herisi^  particles  with  a  few  drops  of  nitric  acid,  and  evaporate  the  solu- 
tion over  the  principal  ma8s  of  the  precipitated  oxide,  before  you  proceed 
to  ignite  the  latter.     Should  the  solution  be  rather  copious,  it  must  first 

concentrated  by  evaporation,  until  only  very  little  of  it  is  left.  For 
properties  of  tlie  precipitate,  see  §  85. 

With  proper  attention  to  the  dii*ections  here  given,  the  results  obtained 
by  this  method  are  quite  accui*ate,  otherwise  they  may  be  either  too  high 
or  ttiQ  low.  Thus,  if  the  sfdution  be  not  sufficiently  dilute,  the  precijii- 
tant  will  fail  to  throw  down  the  whole  of  the  oxide  of  copper ;  or,  if  tie 
pTBcipttate  be  not  thoroughly  washed  with  hot  water,  it  wiQ  retain  a  por- 
tion of  the  alkali ;  or,  if  the  ignited  precipitate  be  allowed  to  stand  ex- 
poaed  to  the  air,  before  it  is  weighed,  an  increase  of  weight  will  be  the 
rtault ;  and  so,  on  the  other  hand,  a  diminution  of  weight,  if  the  oxide 
be  ignited  with  the  filter  or  under  the  infiuenco  of  reducing  gases,  as 
thereby  suboxide  would  be  formt^l.  Hhould  a  portion  of  the  oxide  have 
Kullered  reduction,  it  must  l>e  reoxidixed  by  moistening  ^ith  nitric  acid, 
IMporating  cautiously  to  ckyness,  and  exposing  the  residue  to  a  gentle 
**        increasing  this  gradually  to  a  high  degree  of  intensity. 

Let  it  be  an  invariable  nde  to  test  the  filtrate  for  copper  with  8ulj>hu- 
retted  hydrogen  water.  If^  notmthstaoding  the  strictest  compliance 
with  the  directions  here  given,  the  addition  of  this  reagi?nt  proiiuces  a 
precipitate,  or  imparts  a  brown  tint  to  the  fluid,  this  is  to  be  attriimtcd 
to  the  presence  of  organic  matter ;  in  that  case,  concenti-at-e  the  filti*ate 
and  waah-water  by  evaporation,  acidify,  precipitate  u4th  sulphuretted 
hydrogen  water,  treat  the  pi-ecipitated  sulphide  as  directed  in  c,  and  add 
the  oxide  obtained  to  the  first  precipitate  in  the  filter.  It  is  also  highly 
advisable  not  to  neglect  dissolving  the  oxide  of  copper,  after  weighing, 
in  hydrochloric  acid,  in  order  to  detect,  and,  if  neceasary,  estimate,  any 
silicic  acid  which  might  be  present. 

A-  i'^rom  Alkaline  Soluti&nM, 
From  ammoniacal  solutions  also,  oxide  of  cop]>er  may  be  precipitated 
by  aoda  or  potaasa*  In  the  main,  the  process  is  conducted  as  in  a.  A  ft^sr 
precipitation  the  mixture  is  heated,  until  the  supernatant  fiuid  has  be- 
come perfectly  colorless ;  the  fluid  is  then  filtered  o fi' with  the  greatest 
possible  exfiedition.  If  allowed  to  cool  with  the  precipitate  in  it  a  small 
portion  of  the  latter  would  redissolve. 

h.  By  PrteipUaHon  as  Oxide,  precede  by  Ignition  of  the  SubsUmee, 
Heat  the  substance  in  a  porcelain  crncible,  until  the  organic  matter 
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s-.'..  -at   iiitiTiiiissioii  witli  wati.-r  •■■•i.Taiii- 

■!■  vnit  oxidiitioii),*  jiTi«l  dry  on  th-- lilt'i* 

..  -..•!•  :!."  ilri»'d  pn^iipitiiti'  to  a  ln*ak«"r,  ir.i-ini'- 

.■  ■   ain  dish,  luld   iho  ash   to   t]w  jjn'iij'ita:?*, 

■    iL'.rio  arid,  add  sonn*  hydroi'hh>rir  acid,  a:id 

;.i.'.'i  sulidiur  ai>|»oars  of  a  pure  vrHow  oilor ; 

■•  ■■.  an<l  }»n'i'i[atat<*  as  diroclod  in  a, 

^    :in'    coj»iMM-,    as    suli»hidt',    with    hydrosul- 

sulphitlr,  it  may  also  lu'  j»rt'i'ii>itattMl  wirh 

■i:-;  i'n<l,  thr  soluti«)n  of  copiM'r  (wliich,  if  n**- 

>    ar  as  pratrtirablo  from   liydrochhirio  ai"i»l   and 

:  witli  sulphuric  acid)   is  sulU«'it'ntly  diluted, 

.V  d  with  a  solution  of  hypnsulphite  td*  soda,  as 

■    forms.     As  soon  as  this  hiis  suhsid«'tl,  h-aviiiij 

i:i  the  siipcrnataut   Hui<l,  tin-   i»n*cij)itati(in  of 

riu^  jnvci|»itate  is  subsidphitlr  of  co]>|M'r  (Cu. 

•A  i-ihi-d  without,  risk  of  oxitlati(;n   (t'LA.ToL«)rf). 

■  to  oxid*'  as  dirrcti'd  in  1,  a. 

^  i\u'  sul[)hi<h'  or  sub^ulj)hidt'  «>f  coppt^r  into  ox- 
•.wii:h  them  as  h»d>s»dj)hi<lt',  see  l\. 


•  a  platinum  or  porcrhiin  ci'ucihlc,  and  oxj)osi'd  to 
.  .■■h  is  «;radually  increased  to  intense  redness  ;  the 

i. 

.  V  s]»irts  stroniily  when  i«:jnit«Ml,  it  is  ahvays  advisa- 

,  ^::',all   covere«l   platinum   crueil>le,  ami   to  place  tlit^ 

.  .dsi>  covered.      With   proper  caie,  the   results  nr^ 

v..hs  with  ori^anii'  acids  may  also  he  converted  into 

•.:i.Mi.     To  this  end,  the  residue  first  obtaimMJ,  whieh 

•>  i'omph'tely  (»xidized,  hy  rei)eated   nioistenini;  wirh 

^■.niini.      Howevi-r,  a  loss  of  substance  is  generally  in- 

. .  H'^s,  from  the  dillicidty  of  avoiding  spirting. 

;,"o  s^'lntiou  of  copper,  after  having,  if  re<]uired,  lirst  fiv«»d 


•  .'«th:it  sulphi'lc  of  c<»]»p<T.  when  precijiitated  at  a  boiling  heat  bj 
•  \\  »hr  ^'""^^j^'^^f  [he  sulphate,  iIim."*  nut  oxitlize  i)y  exi)t>surc  t«)  the  air,  aud 

fn««>'«' «*"'/■  rakt,  Cliom.  fil,  105. 
4  .lourw.  «•  1^  ^^j  precipitiitinjf  cop]>cr  }».y  iron  or  xinc,  and  weijrhing  it  in  the 
jTheW**V   ^.^  piopoflcil  lon«r  n'^'n ;    soe  PfafFs  Ilandhiich  dvr  analytiflchen 

iiiet»lli'^  ^^'     jjjoo^  UjL  2,  Soite  *J»3l»,  where  the  reasons  arc  givon  for  prefer^ 
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it  &c»m  nitric  acid,  by  evaporation  with  hydrochloric  acid  or  sulphuric 
acid,  into  a  weighed  platinum  dish;  dilute,  if  necessary,  with  some 
water,  throw  in  a  piece  of  zinc,  soluble  in  hydrachloric  ftcid  without 
residue,  and  add,  if  necessary,  liydrochloric  acid  in  suflBcient  quantity  to 
produce  a  moderate  evolution  of  hydrogen.  If,  on  the  other  hand,  this 
evolution  should  be  too  brisk,  owing  to  too  large  excea«  of  acid,  add  a 
little  water.  Cover  the  dish  with  a  watch-glass,  which  is  afterwards 
rinsed  into  the  dish  with  the  aid  of  a  wasbing-bcittlo.  The  separation 
of  the  copper  b^ins  immediately ;  a  large  proi>urti«>u  of  it  Ls  deposited 
im  the  platinum  in  form  of  a  soUd  coating ;  a d other  portion  sejiarates, 
more  particidarly  from  concentrated  solutionB,  in  the  form  of  red  spongy 
tnasses.  Application  of  heat,  though  it  promotes  the  reliction,  is  not  ab- 
solutely nec-essai-y ;  but  there  must  always  be  auflficient  free  acid  present 
lo  keep  up  the  evolution  of  hydrogen.  After  the  lapse  of  about  an  hour 
or  two,  the  whole  of  the  co[iiier  has  separated.  To  make  sure  of  this, 
l>^||Bt  a  small  portion  of  the  supernatant  fluid  with  sulphurett<^d  hydrogen 
"%fttcr  ;  if  this  fails  to  impart  a  brown  tint  to  it,  you  may  safely  aiisume 
that  the  pi^ecipitation  of  the  copper  is  complete.  Ascertain  now,  also, 
whetlier  the  zinc  is  entirely  disttolved,  l>y  feeling  about  for  any  hard 
lumps  with  a  glass  rod,  and  observing  whether  renewed  evolution  of 
hydrogen  will  take  place  upon  atldition  of  hydrochloric  acid.  If  the 
iv«alt«  are  satisfactory  in  this  respect  also,  |iress  the  copper  together 
with  a  glass  rod,  decant  the  clear  iiuid,  which  is  an  easy  operation,  pour, 
without  loss  of  time,  boiling  water  into  the  dish,deciuit  iigain,  and  rcp€*at 
thia  operation  until  the  washings  are  ^uite  free  from  hydrochloric  acid. 
DeciLnt  the  water  now  as  far  as  practicable,  rinse  the  dish  with  strong 
alcohol,  place  in  the  water-bath,  and,  when  the  copjjer  is  perfectly  di*y, 
let  it  coo),  and  weigh.  If  you  have  no  platinum  dish,  the  jireei  pi  tuition 
may  be  etiected  also  in  a  porcelain  crucible  or  glass  dish  ;  but  it  will,  in 
that  ca«e,  take  a  longer  time,  owing  to  the  absence  of  the  galvanic  an  tag- 
ouiaia  between  platinum  and  zinc ;  and  the  whole  of  tlie  copi>er  will  be 
obtained  in  loose  masses,  and  not  firmly  adhering  to  the  side«  of  the  cruci- 
ble or  dish,  BS  in  the  case  of  precipitation  in  platinum  vessels. 

The  results  are  very  accurate.  The  direct  experiment,  No.  78,  gave 
lOOi)  and  100^06, instead  of  100.  Fr,  Mohh  {loc.  ciL)  obtained  equally 
satisfactory  results  by  precipitating  in  a  porcelain  crucible.* 

b,  J?y  PredpUatton  with  a  JTi/pophosphite, 

The  rather  concentrated  solution  in  snlphui'ic  acid  (chlorine  and 
nitric  ncid  must  not  be  present)  is  tre-atcd  with  excess  of  a  sohition  of  a 
h\ ;  'lite  in  the  cold,  and  then  gradually  warmed  on  the  wat^^r- bath 

to  The  copper  shortly  separates  in  coherent  masses  of  hycWdo 

of  copper.  When  the  precipitation  is  complete,  as  may  l>e  ascertained 
by  means  of  sulphuretted  hydi-ogeu,  or  other  appropriate  test,  the  pre- 
cipitate is  washed  with  hot  wat<n*  by  decantation,  transferred  to  a  porce- 
lain crucible,  as  described  on  p.  207,  and,  after  drying,  ignit<;d  and  cooled 
in  a  stream  of  hydrogen  gas  (fig.  47,  p.  181),  or  it  is  collectexl  on  a  filter, 

rio^  tine  a<  a  precipitant,  and  eulphuretted  hydrogen  is  recommended  im  a  test 
for  taoertaimii^  whether  the  precipitation  is  complete,  1  mention  this  mtb 
rafenaoe  to  Ft.  Mohr*B  pappir  in  the  Aimal,  d.  Chem.  n.  Pharm.  (>Q,  315,  and 
Bodemann^i  Probirkuniit  von  Kerl,  Beite  220. 
I*  Btorer  (On  the  aUo^b  of  copper  and  zinc.  Cambridge,  18fiO,  p.  47)  wys  that 
precipitated  copper  retains  water,  but  I  have  not  found  this  to  be  the  case 
!  Expt  No,  70). 


and^  after  calciiiation,  weigUed  in  »  close  crucible  aa  oxide.     Hesults 
veiy  accurate  (Gibbs  *). 

3,  J)eterminatum  as  Sfuhmdphlde  of  Copper, 

a,  Btf  PteeipktUion  m  iSidphide,~Precipit&te  the  copper  as  in  1,  r, 
dry,  tmnsifer  to  a  poroalaiii  crucible,  add  the  filter-ash  and  some  pufe 
powdered  Kulphur  and  ignite  strongly  in  a  stream  of  hydrogen  (§  108, 
fig.  47),  It  is  advisable  to  use  a  gaa  blastrlamp.  The  results  are  very 
accurate  (11.  Rose  f). 

6.  IJi/  PrecipUation  as  jSubmdj}hocyanuhf  after  RivoT.  J — ^The  aolu. 
tion  should  bo  aa  free  as  possible  from  nitric  acid  and  free  chlorine,  and 
not  t<»o  acid.  Add  sulphurous  or  hy])o phosphorous  acid  in  sufficient 
quantity,  and  then  fiolutioT>  of  sulpihocyanide  of  potassium.  The  copper 
precipitates  as  white  subsulfihocyanide.  It  is  filtered  after  standing 
some  time,  washed  ami  dried,  uiLxed  with  sulj)hur,  ignited  in  hydrogen  in 
the  apparatus  alluded  to  in  «,  and  this  ignition  with  sulphur  is  repeated 
till  the  weight  is  coussUmt,  'Tlio  preeipilate  may  also  be  collected  on  a 
weighed  filter,  drietl  at  100^,  and  then  weighed.  The  exi>eriment,  No. 
80,  conducted  in  the  latter  way,  gave  y9'0t)  instead  of  100. 

c.  Oxide  and  suboxide  of  copper,  auljihate,  and  many  other  salts  of 
copper  may  be  directly  converted  into  subsulphide,  by  mixing  with  sul — 
phur  and  igniting  in  hydi'Ogenas  in  a  (li.  Rose,  loc.  cU,),  The  results  Bv^ 
thoroughly  satisfactory. 

4,  Volumetric  Metfwdti, 

Of  the  numerous  proposals  under  this  head,  the  following  are  the  best. 

o,  De  Haen's  Method.g 

I  recommend  this  method,  which  was  devised  in  my  own  laboratoryj 
as  moi^  especially  applicable  in  cases  where  small  quantities  of  ofip|>erara 
to  be  estimated  in  an  expeditious  wiiy.  The  method  is  based  upon  tho 
fact  that,  when  a  salt  of  oxide  of  cojiper  in  solution  is  mixed  with  iodide 
of  [jotassiimi  in  excess,  suhiodide  of  topper  and  tree  iodine  are  formed, 
the  latter  remaining  dissolved  in  the  solntion  cd'  iodide  of  potassium  :  2 
(CuO,  S  0.,)-h2  K  I=Cu.3  1+3  (K  O,  S  0,)  +  L  Now,  by  estimating 
the  iodine  by  Bunsen's  method,  or  with  hypos\dphite  of  soda  (§  146)^ 
we  learn  the  quantity  of  cop|>er,  as  1  eq.  iodine  (1-7)  corresponds  to  2 
eq.  copper  (tl3  4).  The  following  is  the  most  convenient  way  of  pn> 
Deeding,  Dissolve  the  coinponnd  of  copper  in  sulphuric  acid^  best  to  a 
neutral  solution;  a  moderate  excess  of  free  sulphuric  a^i^id,  however, 
does  not  injuriously  alfect  the  process.  Dilute  the  solutio?t,  in  ameasur* 
ing  flask,  to  a  definite  volnme ;  100  c.  c,  should  contain  from  1  to  3  gnus. 
oxide  of  copper.  Introduce  now  about  10  c.  c.  of  iodide  of  potassium  so- 
lution (1  iotlide  of  potassium  in  10  water)  into  a  lai'ge  beaker,  add  10  c.  c 
of  the  coj>per  solution,  mix,  and  then  proceed  without  delay  to  determine 

♦  Am.  Journ  Set.  3d  Ser.  xliv.  310. 

tCompt.  renii  ^B.  8fiS ;    Joum.  f.  pmkt  Chem.  6^,  253. 
Pogg.  Anna!   110,  1:18. 
^  Annal.  d.  Chem.  n.  Pbarra.  01,  237. 

I  Brown  (Quart.  Jonrm  of  the  Chem  Soc.  x.  65)^  who  published  this  as  a  ne 
methoti  in  1857,  must  btive  been  ignorant  of  its  previous  publication  in  1854 
The  little  variation,  too,  of  detonnining-the  iwiine  with  hypoanlpbite  of  soda  (ae- 
oordinfj^  to  Schwiirz}  inBteaii  of  with  titilpbnroiiA  acid  HAcoonling  to  BanBea), 
magr  be  found  in  Mohr's  Lidirbuuli  der  Tithimethode^  i.  387  (lS5o) , 
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the  fleptamted  iodine  by  means  of  hyposulphite  of  ftoda  (§146).  It  is 
ecsicely  ueoeasary  to  mention  that  the  copper  siJution  must  be  free 
fitim  seequiojdde  of  iron  and  otber  bodies  which  decompose  iodide 
of  potassium,  also  free  nitric  acid,  and  free  hydrochloric  licid.  With 
strict  attention  to  these  ruleB,  tlie  results  are  accurate,  Dk  Haen 
obtniued,  for  instance,  0*35(:i7  instead  of  0*3/)(5G  of  sulphate  of  cop|jer, 
91J'89  and  lOO'l  instead  of  100  of  metallic  copper.  Further  ex|>en- 
ments  (No.  81)  have  con  educed  me,  however,  that,  though  the  results 
Attainable  by  this  methud  are  satisfactory,  they  are  not  always  quite  so 
Acemnito  as  would  be  supposed  from  the  above  figures  given  by  De  fL^EN. 
Acting  upon  Fb,  Mohh's  suggestion,  I  tried  to  counteract  the  injurious 
ictlluence  of  the  presence  of  nitric  acid,  by  adding  to  the  solution  con- 
taining nitric  acid  first  ammonia  in  excess,  then  hydrochloric  acid  to 
slight  excess ;  the  result  was  by  no  means  satisfactoty.  The  reason  of 
this  is  that  a  solution  of  nitrate  of  ammonia,  mixed  with  some  hydro- 
cbJoHc  acid,  will,  even  (ifter  a  short  time,  begin  to  liberate  iodine  from 
tolution  of  iodide  of  potassium. 

L  Carl  Mohh^b  Method  ;  H.  Fleck's  Modification. '•^ 

The  projKJsal  to  take  the  action  of  solution  of  cyanide  of  potassium  on 
amnioiLiacal  solution  of  copper  as  the  foundation  of  a  method  for  estima- 
ting copper  is  due  to  Carl  Mohr.} 

The  azure-blue  color  dLsai>pears,  Cu.,  Oy,  N  H^  Cy  and  K  O  are  formed, 
while  1  ©q.  cyanogen  is  si^paratod,  which,  acting  on  the  free  ammonia, 
gires  urea,  oxalate  of  ure%  cyanide  of  ammonium  and  formiate  of  aimno 
dJa  (Lulbig  I), 

The  decomposition  is  not  always  the  same,  the  quantity  and  degree  of 
concentration  of  the  ammonia  has  a  marked  influence  on  it,  conip,  Ltt.bio 
{&w%  ci<.),  abio  my  own  experiments  (No.  82,  a),  from  wliich  it  appears  that 
noutmi  ammonia  salts  also  atfect  tlie  resiilts. 

Flel'K  (/«<?.  cit.)  proposes  the  following  mtidification : — 

lusteail  of  caustic  ammonia  use  a  solution  of  sesquicarbonate  of  ammo- 

^in  10),  warm  the  mixtxire  to  about  6(1^,  and  in  oixler  to  render  the 

ction  plainer  add  2  dropa  of  solution  of  ferrocyanide  of  potassium 

lin^)  ;  the  blue  color  of  the  solution  is  not  altered  by  this  addition,  nor 
ia  ita  clearness  aflect-ed.  The  value  of  the  cyanide  of  potassium  solution 
is  first  detexmined,  by  means  of  ct>pper  solution  of  known  strength,  and 
it  is  then  employed  on  the  copper  solution  to  be  examined.  On  dropping 
tbe  cyanide  of  potassium  into  the  blue  Holntion  warmed  to  00^,  the  odor 
oC  cyanogen  is  plainly  perceptible,  and  the  color  griidually  tlisj^ppears. 
I  the  ammoniiical  double  salt  of  copper  is  destroyed,  the  solution 
i  red  from  the  formation  of  feiToeyanide  of  copper,  without  any 
|vrecipitate  appearing,  and  with  the  addition  of  a  final  dro]>  of  cyanide 
of  poUusium  this  i-ed  color  in  its  turn  vanishes,  so  that  the  fluid  now  ai>* 
pears  quite  colorless. 

The  method  thus  modified  yields,  it  is  true,  better,  but  still  only  ap- 
proximate^  re«ult8.§  Where  such  are  good  enough,  the  method  is  certainly 

•  PolyteohiL  Centmlbl  la'SO,  1313. 

f  lunaL  d.  Chem.  u.  Pharm.  94, 198  ;  Fr.  Mohr'a  Lehrbuch  der  Titrirmetbode, 
2.91. 

IAnnaL  d,  CheiiL  n.  Phann.  D5,  118. 
In  riz  cxperimenta,  in  which  he  had  purposely  added  different  quantities  of 
oarboinate  of  ammonia.  Fleck  used  for  100  o.  o.  copper  solution,  iu  the  tnmiinum 
IS'2,  in  the  maximnm  15*75,  in  tb€  mean  15*46  c.  o.  qjAmdo  of  potaeaium  Bdution. 
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oonTenient.    I  have  foand  i2iat  the  pfiwanee  of  trnmoiiift  Mte  is 
BOt  without  inflaenoe  (Escpt  No.  82,  ();  on  thu  Mocraiit  tlM 
to  be  applicable  only,  if  the  standardiziiiff  of  the  ojanide 
and  the  aotaal  ajudyeea  are  performed  imSar  ireiy  dmi^ 


§  120. 

6.  Tbboxidb  of  Bibmuth. 

a.  SohUUm. 

Metallio  bismuth,  the  teroxide,  and  all  other  oompoimds  of  thai  metel^ 
are  dissolved  best  in  nitric  add,  more  or  less  diluted.  It  most  be  boma 
in  mind  that  hydrochloric  acid  Bolntions  of  bismuth,  if  eonoentr^e^ 
cannot  be  evaporated  without  loss  of  chloride  of  bismuth. 

&.  I^etermmaiUm, 

Bismuth  is  weired  in  the  form  of  iercoddey  of  ekramaie^  of  mdpkidB^ 
or  in  the  metaUic  siaU,  The  compounds  of  bismuth  are  oonverted  into 
teroxide  by  ignition,  by  precipitation  as  basic  carbonate^  or  by  repeated 
evaporation  of  the  nitrate  solution.  These  are  sometimes  pveoedad-hf 
separation  as  sulphide.  The  determination  as  metallic  bismutii  is  hi' 
quently  preceded  by  precipitation  as  sulphide  or  as  baaio  chloride. 

We  may  convert  into 

1.  Teroxidb  of  Biskuts. 

a.  Sf/  Precipitation  as  Carhonate  of  Teromdo  of  SitmuA. 
All  compounds  of  bismuth  which  dissolve  in  nitric  add  to  nitrate^  no 
other  add  remaining  in  the  solution. 

h,  By  Ignition, 

ec  Salts  of  bismuth  with  readily  volatile  oxygen  adds. 

0.  Salts  of  bismuth  with  organic  adds. 

c.  By  Evaporation, 
Bismuth  in  nitric  add  solution. 

d,  By  Precipitation  as  TersiUphids  ofPigmuth. 
All  compounds  of  bismuth  without  exception. 

2.  Chbohate  of  Teroxide  of  Bisxuth. 
All  compounds  named  in  1,  a. 

3.  Sulphide  of  Bismuth. 
The  compounds  of  bismuth  without  exception. 

4.  Basic  Chloride  of  Bismuth. 
All  compounds  of  bismuth. 

5.  Metallic  Bismuth. 
The  oxide  and  its  salts,  the  sulphide,  and  the  basic  chloride. 
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L  Jhignmnatian  of  Si»muth  tts  Teroxide, 

a,  ^y  Prtdpit^itlofi  as  Ca/rhonaUof  Teraxide  of  bismuth. 
Mix  the  solution  of  bLsmuth  with  carbonate  of  ammonia  in  vert/  BllgJu 
and  heat  for  some  time  nearly  to  boUing ;  filti»r,  dry  thr-  |n%^eipi- 
tste,  and  ignite  in  the  majiner  tlirected  §  1  It),  1  (Igiiition  of  carW^imte  of 
lead)  ;  the  prooess  of  ignition  BiTvea  to  convert  the  carbonate  uito  the 
|KirB  teroxide  of  bismuth.  Should  the  solution  be  too  concentrated,  dilute 
viUi  wiit^ar^  previoualy  to  the  addition  of  carbonate  of  ammonia ;  whether 
die  dilution  leads  to  the  precipitation  of  basic  nitrate  of  bismath  or  not, 
ii  a  matter  of  perfect  indifference.  For  the  properties  of  the  precipitate 
afid  re2<idiie,  see  §  86. 

The  method  gives  accurate  results,  though  generally  a  tnfle  too  low, 
ciwifi^  to  the  CLrcumHtance  that  carbonate  of  teroxide  of  biBiuiuth  i^  not 
absohitelj  insoluble  in  carbonate  of  ammonia. 

Were  jott  to  attempt  to  precipitate  bismuth,  by  means  of  carbonate  of 
■IIW<lHia»  from  solutions  containing  suljdiuric  acid  or  hydrochloric  acid, 
1^041  would  obtain  incorrect  results,  since  with  the  bfisic  cai-lKJimte, 
baaic  milphate  or  basic  chloride  would  be  precipltatotl,  which  ai'e  not 
4ftCnW|>oged  by  excess  of  carbonate  of  ammonia.  Were  you  to  filter 
off  the  precipitate  without  warming,  a  considerable  loss  would  be  sus- 
tained, as  the  whole  of  the  ba^c  carbonate  would  not  have  been  separated 
(Expt  No.  83). 

h.  JBy  IgniiUyn, 

«i-  Compounds  like  the  carbonate  or  nitrate  of  teroxide  of  bismuth  are 
ipiited  in  a  porcehiin  crucible  until  their  weight  remains  coiiBtaiit. 

A.  Compounds  of  teroxide  of  bismuth  with  organic  acids  are  treated 
lie  the  corresponding  comf»ounds  of  oxide  of  copper  (§  119,  Ijd), 

The  solution  of  the  nitrate  is  evaporated,  in  a  porcelain  dish  on  the 
▼it*ir-bath,  till  the  neutral  salt  remains  in  syrupy  solution  ; — adfl  water, 
iooienthe  whit^  crust  that  is  formed  with  a  glass  rod  from  the  sides,  eva- 
pOBUte  again  on  a  water-bath,  reprecipitate  with  water,  and  reptmt  the 
vhA*'  ojkcration  three  or  four  times.  After  the  dry  mass  on  the  water- 
Urli  has  ceased  to  smell  of  nitric  acid,  it  is  allowed  to  cool  thoroughly, 
iiwl  Ihen  treated  with  cold  water  contaitiiiig  a  little  nitrate  of  ammonia 
II  itt  500) ;  after  the  residue  and  Huid  have  been  a  short  time  together, 
filW.  waeh  with  the  wetik  solution  of  nitrate  of  ammonia,  dry  and  ignite 
(|  53).     Results  very  satislkctory  (J.  Lowe  *). 

d,  J5y  J^recipiiaiion  as  TenmlpMde  of  Jimmutk. 
,  Dilate  the  solution  'wdth  water  slightly  acidulated  with  acetic  acid  (to 
at  the  precipitation  of  a  basic  sal  t)^  and  precipitate  wit  h  sulphuretted 
1  water  or  gas  ;  allow  the  f>recipitate  to  subside,  and  test  a  portion 
rHie mpematant  fluid  ^^-ith  mdphur^ited  hifdrog^nwuter  ;  if  it  remains 
AuV'^^i<^li  i»  *  8%^  ttiat  the  bismuth  is  comi>ktti^^ly  precipitated,  filter  (the 
fihnte  should  smeU  strongly  of  H  ft),  and  wash  the  precipitate  with  water 
mnUuiing  sulphuretted  hydrogen.  Or  mix  with  ammonia  until  the  free 
idd  is  neutralized,  and  then  add  sulpliide  of  ammoDium  in  excess. 

The  washed  pi-ecipitate  may  now  be  weighed  in  three  diflerent  forms, 
^,  B5  sulphide,  afi  metal,  or  ait  oxide.     The  treatment  in  the  two  former 

•  JouQu  1  prakt.  Chem.  74,  341 
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cases  will  be   described   in    3   and  5 :  in  ihe  latter  case  pmoeed  as 
follows : — 

Spread  the  filter  out  on  a  glass  plate  and  remove  the  precipiuite  to  a 
vemel  by  lueuns  of  a  jet  of  water  from  the  wash-bottle— or,  if  thit*  is  not 
practicaijle,  put  the  preciidtate  and  filter  together  into  the  verssel — and 
beat  gently  with  moderately  strong  nitric  acid  until  coinplnte  decoin^njai- 
tion  is  effected  ;  the  solutionis  then  dil^oted  with  water  slighly  acidulate 
with  acetic  or  nitric  acid,  and  filtered,  the  filter  being  WH^lied  with  the 
acidulated  water ;  the  filtrate  is  then  tinallj  pivcipitated  as  din^cted  in  a, 

2,  J}etemnnaiwn  of\Bis7niUh  as  Chromale  of  Teroxkf^.     (J.  LoWE,*) 
Pour  the  solution  of  teroxide  of  bismuth,  which  must  be  as  neutral  as 

possible,  and  must,  if  necessary,  be  first  freed  from  the  excess  of  nitric 
acid  by  evaporation  on  the  water-bath,  into  a  warm  solution  of  pur^ 
bichromate  of  potassa  in  a  porcelain  dish,  with  stirring,  and  take  care  to 
leave  the  alkaline  chromate  slightly  in  excess.     Rinse  the  vessel  whiclj 
contained  the  solution  of  bismuth  with  water  containing  nitric  i^cid  into 
the  porcelain  dish.     ITie  precipitate  formed  must  be  orange-yellow^  jujj 
dense  throughout ;  if  it  hi  tiocculeiit,  and  has  the  color  of  the  yolk  of  an 
egg,  thiit  is  a  sign  that  thei'c  is  a  deficiency  of  chromate  of  potassa;  hi 
which  case  add  a  fresh  quantity  of  this  salt,  taking  care,  however,  to  guani 
against  too  gi^eat  an  exce^ss,  and  boil  until  the  precipitate  presents  the 
proper  appearance.     Boil  the  conteutH  of  the  dish  for  ten  minutes,  with 
stirring  j  then  wash  the  precipitnte,  fii*st  by  repeated  boiling  with  wat^r 
and  decantation  on  to  a  weighed  filter,  at  last  thoroughly  on  the  latter 
with  boiling  water;    dry  at   about   120°,  and  weigh.      For    the  pro* 
perties  and  composition   of  the   precipitate,  see  §  86.      Kesulta  very 
satisfactory* 

3,  Determinatmi  of  Mwmxtth  as  Sulphide, 

Precipitate  the  bismuth  as  sulphide  according  to  1,  d.  If  the  precv[ji' 
tate  contains  sulphni',  exti*act  the  later  by  boiling  with  solution  of  sulphit* 
of  soda,  or  by  treatment  with  bisulphide  of  carbon  (compare  the  determl* 
nation  of  mercury  as  sulphide,  §  118,  3),  collect  on  a  weighed  filter,  diy 
at  100"^,  and  weigh. 

The  drying  must  be  conducted  with  caution.  At  first  the  precipitabe 
loses  weight,  by  the  evaporation  of  water,  then  it  gains  weight,  from  the 
absoqitiou  of  oxygen.  Hence  you  shoidd  weigh  every  half-hour,  ami 
take  the  lowest  weight  as  the  correct  one.  Compare  Expt.  No.  58, 
Properties  tind  composition,  §  8(5,  e. 

The  sulphide  of  bismuth  cannot  be  conveniently  converted  into  the 
metallic  state  by  ignition  in  hydrogen,  as  its  complete  decomposition  is  a 
work  of  coiLsiderable  time.  Ab  regards  reduction  with  cyanide  of  potas- 
sium, see  5, 

4,  J*recipitaiion  of  JBrnmith  as  Basic  Chloride, 

The  precijutatioo  of  bismuth  as  basic  chloride,  and  the  reduction  of  th© 
latter  witb  cyanide  of  potassiuiii,  is  recommended  by  H.  RosE.f  The  pro- 
cess is  conducted  as  follows  :~nearly  neutralize  any  large  excess  of  acid 
that  may  be  present  with  potasusi^  swla,  or  ammonia,  add  chloride  of 
sodium  in  sufficient  ipiantity  {if  hydrocldoric  acid  k  not  ali-eady  present), 
and  then  a  rather  large  quantity  of  water.     After  allowing  to  stand  some 


•  Jonm.  t  prakt.  Chem.  67, 464. 


t  Fogg.  Ami&L  110,  425. 
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time,  tent  whether  a  portion  of  tlie  clear  supernatant  fluid  ia  rend<:Tred 
turbid  by  a  further  addition  of  wat<*r ;  and  then,  if  reqiiiredj  add  water 
to  the  whole  till  the  precipitation  is  complete.  Finally,  filter  the  pre- 
ci|litlUe,  wash  completely  with  cold  watt^r,  dry  and  fuue  with  cyanide  of 
|t<titllriTT'!T  an  directed  below  (5)«     Iiesu1t»  accurate* 

5,  DtUrminalion  of  Jlismuth  a^  3f^UtL 

Hie  oitide,  ifulphide,  or  basic  cldoride  that  are  to  be  reduced  are  fiised 
in  a  large  |x>rcelain  cmcible  with  ^ve  times  their  quantity  of  ordinary 
cyanide  of  potaasium.  In  the  mine  of  oxide  and  basic  chloride,  the  re- 
daction ia  c«jmpleted  in  a  hhort  time  at  a  gentle  heat ;  s^ulphide,  on  the 
other  hand,  requires  longer  funion  and  a  higher  temperature.  The  ope- 
ration has  been  sucoessfui,  if  on  triiatment  with  w^ater  metallic  grains 
are  obtained,  Tliese  grains  are  tii*st  washed  completely  and  rapidly  with 
irater^  then  with  weat,  and  lastly  with  strong  spirit,  dried  and  weighed. 
If  you  have  been  reducing  tlie  sulphide,  and  on  treating  the  fuBed  mass 
with  water  a  black  powder  (a  mixtui^  of  hisaiutli  with  sulphide  of  bis- 
muth) is  visible,  besides  the  metjillic  grains,  it  ia  necessary  to  fuse  the 
fomuer  again  with  cyanide  of  pot^i^ssium. 

It  sometimes  happens  that  the  crucible  is  attacked,  and  particles  of 
porcelain  are  found  mixed  with  the  metallic  bismuth ;  to  prevent  thin  from 
ipoiling  tlie  analysis,  weigh  the  criiclble  together  with  a  small  dry  filter 
before  tlie  experiment,  collect  the  metal  on  the  filter,  dry  and  weigh  the 
crucible  with  the  filter  and  bismuth  again.     Kesults  good  (H.  Hose  *)p 

§  12L 
7t  Oxide  of  Cadmium. 

«.  SohUion, 

fWlmipTTi,  its  oxide,  and  all  the  other  compounds  insoluble  in  water, 
m  disBolved  in  hydrochloric  acid  or  in  nitric  acid. 

b,  I}eierminatio)h 

ium  is  weighed  either  in  the  form  of  (mda^  or  in  that  of  sulphide 


We  may  convert  into 


1,  OxmE  OF  Cadmium. 


a.  J?y  Pre<^piUUion, 

lie  compounds  of  oidmium 
ich  are  soluble  in  water;  the 
insoluble  compounds,  the  acid  of 
which  b  removed  upon  solution 
in  hydrochloric  acid  ;  salts  of  cad- 
mium with  organic  acids. 


5,  Sy  I^nitumn 

Salts  of  eadtiiium  with  readily 
volatile  or  easily  decomposable  in- 
organic oxygen  acida. 


2.  Sulphide  of  Cadmium, 
All  compounds  of  cadmium  without  exception. 
L  IhiermintUitm  aa  Oxid^  of  Cadmium. 

a,  J?y  PrecipiUUion. 
Precipitate  with  carbonate  of  sofla  or  potassa,  wa&h  the  precipitated 

•  Fogg.  Auoal.  91,  t(H,  and  110»  136. 
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carbonate  of  cadmium,  and  convert  it,  by  ignition,  into  the  stat^  of  pure 
oxide.     The  precipitation  is  conducted  as  in  the  case  of  zinc,  §  108,  1^ 
The  oxide  of  cadmium  which  adheres  t«  the  filter  may  easily  be  redtt 
and  volatilized  ;    it  is  therefore  necessary  to  he  cautious.     In  the 
place  choose  a  thin  filter,  transfer  the  dried  precipitate  as  completely  as 
possible  to  the  crucible,  replace  the  filter  in  the  funnel,  and  moisten  it 
with  nitrate  of  ammonia  solution,  allow  to  dry,  and  then  burn  cai^efully  in 
a  coil  of  platinum  wii-e^     Let  the  ash  fall  into  the  cnicible  containing  the 
ma3S  of  the  precipitate,  ignite  carefully,  avoid  the  action  of  reducing-, 
gases,  and  finally  weigh.     For  the  properties  of  the  precipitate  and  ''        "" 
residue,  see  §  J^7-     Kesults  good, 

b.  By  Ignition, 
Same  process  as  for  sine,  §  108,  1,  c. 

2.  Determination  as  Stdphids  of  Cadmium, 

Neutral  or  acid  solutions  are  precipitated  with  sulphuretted  hydrogiE^^ 
water  or  gas,  which  must  Vje  usetl  in  suftident  excess.     The  pre-sence  oP  « 
considerable  quantity  of  fi'ee  hydrochloric  or  nitric  acid  may — esjwcialJr 
if  the  solution  is  not  enough  diluted — prevent  complete  precipitaticii^ 
hence  such  an  excess  should  be  avoided,  and  the  clear  au|iematant  fluij 
should  in  all  casen  be  tested,  by  the  addition  of  a  relatively  lai'ge  amount  of 
sulphuretted  hytlrogeu  water  to  a  portion,  before  being  filtercKl.   Alkiiline 
solutions  of  cadmium  may  be  precipitated  with  Hulphide  of  ammoninin. 
If  the  sulphide  of  ca*lmiiHu  Ls  free  from  admixed  sulphur,  it  may  be  at 
onoe  collected  on  a  weighed  filt<5r,  allied  at  100'',  and  weighed  ;  i^  on  tb 
contrary,  it  contains  free  Kuljihur,  it  may  be  purified  by  boiling  ^ith  a 
solution  of  sulphite  of  soda,  or  by  treatment  w^ith  bisulj^hide  of  carboa 
(see  Sulphide  of  mercury,  §  118,  S),     Results  accurate.     The  preripitiir 
tion  of  Kul]>hiir  may  occasionally  be  obviated  by  adding  to  the  cadmioni 
solution  eyatiideof  potassium  till  the  precipitate  first  formed  is  redissolved, 
and  then  precipitating  this  solution  with  sulphui-etted  hydrogen. 

If  the  sulphide  of  cadmium  is  not  to  be  weiglied  as  such,  warm  it,  to- 
gether with  the  filter,  with  moderately  strong  hydrochloric  acid,  till  the 
precipitate  htts  dissolved  and  the  odor  of  sulphuretted  hydrogen  is  tto 
longer  perceptible,  filter  and  precipitate  the  solution  as  in  1,  a,  after  hav** 
ing  removed  the  excess  of  free  acid  for  the  most  paH  by  evaporatioa 

Supplement  to  tits  ^ftlk  Ghnmp, 

§  122. 

8.  Protoxide  of  Pmxadium. 

Protoxide  of  palladium  is  converted,  for  the  purpose  of  estimation,  i**^  . 
the  metediie  slate  ;  or^in  many  separations — into  double  clUaride  ofjj^^j^ 
lad  turn  and  potassium. 

1.  Determination  a»  Palladium, 

a.  Neutralize  the  s<dutioR  of  protochloride  of  palladitim  almost  ( 
plctely  with  carbonate  of  soda,  mix  with  a  solution  of  cyanide  of  mercui 
and  digest  the  mixture  for  some  time.     A  yellowiali- white  precipitate 
protocyani  do  of  palladium  will  subside;  from  dihite  solutions,  only  i  ^ 
the  lapse  of  some  time.     Wash  this  precipitate,  dry,  and  ignite  ;  we- 
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tk©  reduced  metal  obtained.  If  the  Boliition  contains  nitrate  of  protoxide, 
evuponite  it  first  with  hydrochloric  acid  to  dryness ;  aA  otherwise  the  pr^ 
dpttate  obtained  deflagrates  upon  ignition  (Wollastok). 

h.  Mix  the  solution  of  the  protochloride  or  nitrate  of  protoxide  of 

"^.adium  with  formiate  of  soda  or  potassa,  and  warrxi  iiiitii  no  more 
carbonic  acid  escapes.  The  palladium  precipitates  in  brilliant  scalea 
(Dobereincr). 

c.  Precipitate  the  acid  solution  of  palladium  with  sulphuretted  hydro- 
gen, filter,  wash  with  boiling  water,  roa.st,  and  either  convert  the  bfinic 
sulphate  of  protoxide  of  palladium  formed  into  pure  metal^  by  igtiition 
OTer  the  blast  gas-]amp,  or  dissolve  it  in  hydrochloric  acid,  and  procipitate 
mm  €u 

Exposed  to  a  moderate  red  heat  metallic  palladium  becomes  covered 
with  a  film  varying  from  vi^ilet  to  blue,  but  at  a  higher  temj^eniture  it 
njcovers  its  lustre  ;  tliis  taniLshing  and  i^covery  of  the  metitllic  histra 
is  not  att4?nded  with  any  perceptible  ditTerence  of  weight.  Fu lUilituii 
reqtiire&  the  veiy  highest  degree  of  heat  for  its  fusion.  It  di-Hsolvofi  reachly 
in  nitrobydrochloric  acid,  with  difficulty  in  pure  nitric  acid,  more  easily 
in  nitric  acid  containing  nitrous  acid,  with  difficulty  in  boiling  con- 
ceniriited  sulphuric  acid. 

2^  I}ei^mination  as  DmMe  CJdoride  of  Palladium  mid  Potasnum. 

BfTftporate  the  solution  of  chloride  of  palladium  with  chloride  of 
potassium  and  nitric  acid  to  dryness,  and  treat  the  mass  when  cold 
with  alcohol  of  "833  sp.  gr,,  in  which  the  double  salt  is  insoluble.  Col- 
led on  a  weighed  1x1  tei*,  dry  at  100**,  itnd  weigh.  Results  a  little  too 
loVy  as  traces  of  the  double  salt  pass  away  with  the  alcohol  washings 
(Bxitzcuus). 

The  double  chloride  of  palladium  and  potassium  coii.siists  of  micro* 
>ic  octahedra ;  it  presents  the  appearance  of  a  vennilion,  or,  if  the 
CTystals  are  somewhat  lai^ger,  of  a  brown  powder.  It  is  very  slightly 
loluble  in  eold  water ;  it  is  almost  insoluble  in  cold  ajjirit  of  the  above 
itnsngtb.     It  contaiuB  26*701  J-  palladium. 

SIXTH  QttOUP. 

Teroxihe  op  Gou>— ^Binoxide  of  Platinum — ^Teroxidb  of  Antt- 
MOXT — BiKoxiDE  OP  TiN — Peotoxidk  OF  Tin — Aksenioubakd  Arseniu 
Acids — (Molybdic  Acid)* 

§123. 

1.  Teroxide  of  Gold. 
a,  SolHtu>n. 

Metallic  gold,  and  all  compounds  of  gold  insoluble  in  water,  are  warmed 
with  hydrochloric  acid,  and  nitric  acid  is  gradually  added  until  con>pk4« 
solution  is  effected  ;  or  they  are  repeatedly  digested  with  strong  chlurinM 
water.  Tlie  latter  method  is  resorted  to  more  especially  in  cases  wher*^ 
the  quantity  of  gold  to  be  dissolved  is  small,  and  mixed  with  foreign 
ojcides,  which  it  is  wished  to  leave  undissolved. 

&.  I}0tgmii7iation. 

Gold  is   always  weighed  in  the  metallic  state.     The  compounds 
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brought  into  tMs  form,  either  by  ignition  or  by  precipitation,  aa  gold,  or 
sulphide  of  gold.     See  Cnpellation,  § 
We  convert  into 


Metallic  Ooud. 


a,  ^y  Ignition, 


All   com  pounds  of  gold  which 
contain  no  fixed  acid. 


5,  Hy  Precipitation  as  M^aUu,^ 
Gold. 

Ail   compounds  of  gold  withoi^^ 
exception  in  cases  where  a  u  um^^ 

pHcable.  ^^h 


C  Sy  Precipitation  as  Ttrstdphi^U  of  Geld, 

This  method  Berves  to  effect  ihe^  separation  of  gold  from  certain  other 

metals  which  may  be  mixed  with  it  in  a  solution. 

Determination  (u  MeiaUic  GoUL 
a.  My  Ignition, 

Heat  the  compound,  in  a  covered  porcelain  crucible,  very  gentlj  it 
first,  but  finally  to  redness,  and  weigh  the  residuary  pure  gold,  F0 
properties  of  the  rt^Hidue,  see  §  t?8.     The  reaults  are  most  accurate. 

K   By  Precipitation  a#  Metallic  Gold, 

a..   The  mlutiffn  i^freefrtt^n  N^itric  Add, 

Mix  the  solution  with  a  little  hydi*ochloric  acid,  if  it  docs  not  air 
contain  some  of  that  acid  in  tlie  free  state,  and  add  a  clear  solution  \ 
sulphate  of  jirotoxide  of  iron  in  excess  ;   heat  gently  for  a  few  hoti 
until  the  precipitated  tine  gold  [lowder  has  completely  subsided ;  filt 
wash,  dry,  and  ignite  according  to  §  52,       A  porcelain  dish  is  a  more 
approi>riate   vessel  to  effect  the   precipitation  in  than  a  beaker,  as  tho 
heavy  fine  gold  powder  ia  mors  readily  riused  out  of  the  former  thau 
out  of  the  ktter.     The  resultfi  are  accurate.  i 

j3,  TJtje  mlulion  of  Gold  contaifis  I^rie  Acid. 

E vapor ute  the  solution,  on  a  water-bath,  to  the  consistence  of  syrup, 
adding  from  time  to  time  hydrochlonc  acid  ;  dissolve  the  residue  in  water 
contAiuiug  hydrochluric  acid,  and  treat  the  solution  as  directed  in  a.  It 
will  sometimes  happen  that  the  residue  does  not  dissolve  to  a  clear  fluid, 
in  consequence  of  a  partial  decomposition  of  the  terchloride  of  gold 
into  protochloride  and  metallic  gold  ;  however,  this  is  a  matter  of  per- 
fect indifference. 

y.  In  cases  where  it  is  mshed  to  avoid  the  [iresence  of  iron  in  tb© 
filtrate,  the  gold  may  l>e  reduced  by  means  of  oxalic  acid.  To  this  end, 
the  dilute  solution — freed  ]>reviously,  if  necessary,  from  nitric  acid, 
in  the  manner  directed  in  |3 — is  mixed,  in  a  beaker,  with  oxalic  acid,  or 
with  oxalate  of  ammonia  in  excess,  some  hydrochloric  acid  added  (if  that 
acid  is  not  already  present  in  the  fi-^^e  state),  and  the  vessel,  covered  with 
a  glass  plate,  is  kept  stauiling  for  two  days  in  a  moderately  warm  place. 
At  the  end  of  that  time,  the  whole  of  the  gold  will  be  found  to  have 
separated  in  small  yellow  scales,  which  are  collected  on  a  filter,  washed, 
dried,  and  ignited.     If  the  gold  solution  containa  a  laige  excess  of  hydfo- 
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cUorie  mmd^  tlie  latter  sliouJd  be  for  thn  most  part  evaporated^  before  the 
otiaD  is  diluted  and  the  oxalic  acid  added*     If  the  gold  aolution  con- 
chlorides  of  alkali  metals,  it  ih   necessarr  to  dilute  lai'gely^  and 
to  elttud  for  a  long  tijne,  in  order  to  effect  complete  precipitation 
Boa). 

c,  J?y  F^rec^niaiiwn  a»  Terntlphid^  of  Gold, 
Sulpliuretted  hydrogen  gas  is  transmitt«d  in  excess  tkroiigli  the  dilute 
solution ;  the  precipitate  formed  is  speedily  filtered  ofl*,  without  heating^ 
wished^  dried^  and  ignited  in  a  porcelain  crucible.     For  the  propertiee 
«f  ^is  precipitate,  see  §  88.     The  results  are  accurate* 

8  124- 

2.  BnrormE  of  Platinum. 

a.  Soimium, 

Metallic  platinum,  and  the  compounds  of  platinum  which  are  insolu- 
hle  in  water,  are  dissolved  by  digestion,  at  a  gentle  heat,  with  nitrohy- 
fhwhloric  acid. 

L  Deierfni nation, 

Platinuni  is  invariably  weighed  in  the  metalUc  9tate^  to  which  con- 
ation its  compounds  are  brought,  either  by  precipitation  as  bichloride 
cf  platinum  and  chloiide  of  ajnmonium,  bichloiide  of  platiuum  and 
cUorido  of  potassium,  or  bisulphide  of  platinum,  or  by  igiiition^  or  by 
pi«eipit«tion  with  reducing  agenta.  All  coiu|)ound8  of  platinum,  with- 
om  exception,  may,  in  most  cases,  be  converted  into  platiinim  by  either 
ol  these  metJiods.  Which  is  the  most  advantageous  process  to  be  pur- 
futid  in  special  instances,  depends  entirely  upon  the  circumstances.  The 
itdiictiDn  of  compounds  of  |ilatinum  to  the  metallic  state  by  simple  igni- 
tkn  ii  preferable  to  the  other  methwls,  in  all  cases  wliere  its  applica- 
Udq  ia  admissible.  The  precipitation  as  bisulphide  of  platinum  is 
icaorted  to  exclusively  to  effect  the  separation  of  platinum  fi-om  other 


Dtierminalicn  Oi  MetaUic  Platinum, 

a.  Bif  Pr«eipitatum  (u  Bichloride  of  Platinum  and  Chloride  of  Am^ 

Tktf  aotutioD  must  be  concentrated  if  necessary  by  evaporation  on  a 
itter-bath.  Mix^  in  a  beaker,  with  ammonia  until  the  excess  of  acid 
(that  is,  suppcwdng  an  excess  of  acid  to  he  present)  is  n0(»rl^  saturated  ; 
add  chloride  of  ammonium  in  excess,  utid  mix  the  fluid  with  a  pretty 
Wge  quantity  of  absolute  alcohol. 

Cover  the  beaker  now  with  a  glass  plate,  and  l^t  it  Bt^and  for  twenty- 
four  hours,  after  which  filler  on  an  unweighed  filter,  wash  the  precipi- 
tite  with  spirit  of  wine  of  about  80  per  cent.,  till  the  substances  to  be 
•epatated  are  renioved,  and  dry  carefully. 

Introdnoe  the  dry  precipitate,  wrapped  up  in  the  filter,  into  a  weighed 
ponaelain  crucible,  put  on  the  lid,  and  apf>ly  a  very  gentle  heat  for  some 
tiaifi,imtil  DO  more  fumes  of  chloride  of  ammonium  escape;  now  remove 
*i€  Kd,  place  the  crucible  obliquely  (§  52)^  and  let  the  filter  bum,     Ap- 
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ply  finaJlj  an  intense  heat  for  some  time,  and  then  weigh*  In  the  eaae 
of  large  quantities  this  final  ignition  is  advantageously  conducted  in 
a  stream  of  hydrogen  (§  lOJ^,  ^g.  47,  p.  181),  or  with  additioQ  of  oxalic 
acid,  in  order  to  be  quite  sure  of  effecting  complete  decoio position.  For 
the  pro[>erties  of  the  precipitate  and  residue,  see  §  89.  The  results  are 
siitiafactory,  though  geuerally  a  little  too  low,  as  the  bichloride  of  p1ati> 
niim  and  chloride  of  ammonium  is  not  altogether  insoluble  in  spirit  of 
wiue  (Expt,  No.  16);  and  as  the  fumes  of  chloride  of  ammonium 
evolved  dixring  the  first  stage  of  the  process  of  ignition  are  Uiible  to 
carry  away  traces  of  the  yet  iindecomposcd  double  chloride,  if  the  appli- 
cation of  heat  is  not  conducted  with  the  gi*€jatest  possible  care. 

If  the  precipitated  bichloride  of  platinum  and  chloride  of  ammonium 
were  weighed  in  that  form,  the  results  would  be  iuacourat-e^  »inc**,  as  1 
have  convinced  myself  by  direct  experiments,  it  is  impos.sible  to  com- 
pletely free  the  double  chloride,  by  washing  with  spirit  of  wine,  from  »fl 
traces  of  the  chloride  of  ammonium  thrown  down  in  conjunction  with  it, 
without  dissolving,  at  the  same  time,  a  considerable  portion  of  the  double 
chloride.  As  a  general  rule,  the  results  obtained  by  weighing  the  bichlo- 
ride of  platinum  and  chloride  of  ammonium  in  that  form  are  one  or  two 
per  cent,  too  high. 

b.   By  PredpiUUion  as  BkUaride  of  Platinum  and  CMoride  of 
Potassium. 

Mix  the  solution  of  the  compound  under  examination  in  a  b^nkpr, 
with  potasaii,  until  tbe  greater  part  of  the  exoesa  of  acid  (if  there  be 
any)  is  neuti-ulLzed  ;  add  chloride  of  potassium  alightly  in  excess,  and 
finally  a  pretty  krge  quantity  of  abaoltite  alcohol ;  should  your  hoIu- 
tion  of  platinum  be  very  dilute,  you  must  concentrate  it  previously  Uy 
the  adtlition  of  tbe  alcohol.  After  twenty  hours,  collect  the  precipitntft 
upou  a  weighed  filter,  wash  with  spirit  of  wine  of  70  per  cent.,  dry 
thoroughly  at  100*^,  and  weigh.  Now  put  a  portion  of  the  dried  precipi- 
tate into  a  weighed  bulb-tubo,  and  clean  the  tube  part  of  the  latter  with 
a  fcAiher ;  tht^n  weigh  the  tub©  again,  to  ascertain  the  exact  anmimt 
of  luehlonde  of  platinum  and  chloride  of  potassium  which  it  coiilainH. 
Connect  the  tube  now  with  an  apparatus  evolving  dry  hydrogen  gas,  and 
heat  its  contents  to  redness,  until  no  more  hydrochloric  acid  fumes  are 
evolved,  which  you  may  reudily  ascertaio  by  liokling  a  glass  rod  moist- 
ened  with  ammonia  to  the  opening  of  the  tube.  Allow  to  cool,  remove 
the  tube  from  the  apparatus,  fill  it  vv^th  water,  decant  the  solution  of 
chloride  of  potassium  cautiously,  wash  the  residuai-y  platinum  carefullj, 
dry  the  tube  thorougbly  (by  beating  it  in  the  sti-etim  of  hydrogen  gH»), 
and  weigh.  Subtract  from  the  weight  found  the  oiiginal  weight  of  the 
empty  tube,  and  calculate  from  the  remainder  (the  weight  of  the  reaidn- 
ary  platinum  in  the  tube)  the  amount  of  platinum  contained  in  ibe 
whole  precipitate. 

For  the  properties  of  tl^e  prrtcipitate  and  residue,  see  §  89, 

The  results  are  tnore  accurate  than  those  obtained  by  method  a,  sinoe, 
on  the  one  hand,  the  bichloride  of  platinum  and  chloride  of  potiissuum  is 
more  insoluble  in  spirit  of  wine  than  the  corresponding  ammonium  salt; 
and,  on  the  other  hand,  loss  of  substance  is  less  likely  to  arise  during 
the  process  of  ignition  than  is  the  case  in  method  a.  The  results  would 
be  less  accurate  were  the  ignition  effected  simply  in  a  crucible,  instead  o( 
in  a  current  of  hydrogen  gas,  since  in  that  ctise  complete  decompoRitirta 
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irill  not  ensue,  at  a]J  events  not  if  the  amount  of  substance  acted  upon 
is  at  all  considerable.  To  weigh  the  bichloride  of  platinum  and  chloride 
of  jM>t4issium  in  that  form  would  not  be  jiracticablo,  oa  it  is  impossible  to 
removOj  by  wanhing  with  spirit  of  wine,  all  traces  of  the  chloride  of  potas- 
sium thrown  doiiVTi  along  with  it,  without  at  the  same  time  dissohdng  a 
portion  of  the  double  chloi-id^^.  The  rediiction  may  also  be  effected  with 
the  apparatus  desciiWd  §  108  (fig.  47,  p.  181),  or  in  a  porcelain  boat, 
contained  in  a  wide  glass  tube,  instead  of  in  a  bulb-tube» 

c.  J?y  Precipitation  as  Birndphkh  of  Platinum, 

Precipitate  the  solution  with  sulphuretted  hydrogen  water  or  gaa^  ao- 
cording  to  circumstances,  heat  the  mixture  to  incijiient  ebullition,  filter, 
wssh  the  prect][»itate,  dry,  and  ignite  according  to  g  52.  For  the  prop 
ertiea  of  the  precipitate  and  residue,  see  §89.     The  results  are  accurate. 

c4  2?y  Ignitian, 

H^at  in  a  covered  porcelain  crucible,  very  gently  at  first,  but  finally 
to  retlueds,  and  weigh  the  residuary  pure  platinum.  For  the  properties 
of  Uie  residue,  see  §  80.     The  results  are  most  accurate. 

«•  J7y  PrecipiUUian  wiih  Rechi^cinff  Agents. 

reducing  agents  may  be  employed  to  pi-ecipitato  platinum 
utions  in  the  metallic  state.  The  reduction  ia  very  promptly 
'  sulphate  of  irou  and  potassa  or  soda  (the  protosesquioxide 
of  iron  being  removed  by  subsequent  addition  of  bydroehloric  acid, 
IIempel),  or  by  pure  zinc  {the  excess  of  which  is  removed  by  hydro- 
chloric acid)  ;  somewhat  moi*e  slowly,  and  only  with  application  of  heat, 
hy  alkaline  fonniates.  Nitrate  of  suboxide  of  mercui*}^  also  precipitates 
the  whole  of  the  platinum  from  solution  of  the  bichloride  ;  upon  igniting 
the  browii  precipitate  obtained,  fumes  of  subchloride  of  mercury  escape, 
1  metidlic  platinum  remains. 

§125. 
3,  TfiiioxiDE  OF  Antimony. 

a.  Solution. 

feroxide  of  antimony,  and  the  compounds  of  that  metal  which  are 
t>lubte  in  water,  or  are  decomposed  by  that  agent,  are  dissolved  iu 
or  less  concentrated  hydrochloric  acid.  Metiillic  antimony  ia  dis- 
lolvfHi  best  in  nitrohydrochloric  acid.  The  ehullitiuu  of  a  hydrochloric 
acifl  solution  of  tercldoride  of  antimony  is  attended  with  volatilization 
of  timcM  of  the  latt<*r  ;  the  concentration  of  a  solution  of  the  kind  by 
iTaparation  involves  accordingly  loss  of  substance.  Solutions  so  highly 
IiiCa  aa  to  necessitate  a  recourse  to  evaporation  must  therefore  pre- 
isly  be  supersaturated  with  potassa.  Hydrochloric  acid  solutions 
f  <ero3tidc  of  antimony,  which  it  is  intended  to  dilute  with  water,  must 
jrmYiously  bf*  mixed  with  tartaric  acid,  to  prevent  the  separation  of  basic 
i4t,  I  n  diluting  an  acid  solution  of  aiitimonic  acid  in  hydrochloric  acid, 
tko  water  must  not  be  added  gradually  and  in  small  quantities  at  a  time, 
vhidi  Would  miike  the  fluid  turbid,  but  in  sufficient  quantity  at  once^ 
lUdmriU  leave  the  fluid  clear. 

h.  DetetminaHan* 

f  k  weighed  either  as  ieraidphide  or  as  metallic  antimon^t  or 
10 
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as  tmtimoniate  of  Urcxide  (Sb  O^) ;  or  it  is  estimated  by  Tolumetric 
analysis^ 

The  oxides  of  antimony,  and  their  salts  with  readily  volatile  or  de- 
composable oxygen  acids,  may  be  converted  into  antimoniate  of  teroxid^ 
by  fdniple  ignition.    Antimony  in  solution  is  almost  invariably  first  pre- 
cipitated as  sulphide,  which  ii^  then,  with  the  view  of  estimation,  coa-- 
verted  into  aiiliydi-ous  stilphide,  into  the  metallic  state,  or  intu  antimo- 
niate- of  teroxide,  or  det^ii-mined  volumetrically.     The  nicthoil  of  esti. 
matingatilimony  with  a  standard  solution  of  iotline  can  unl^  he  emfiloyetf 
when  it  is  contaijied  in  the  solution  as  pure  teroxide.     Hence  it  ig  oulj 
capable  of  limited  application, 

1.  PrecipUaiion  as  Sulphide  of  Antinwnf/, 

Add  to  iho  antimony  solution  hydrochforic  acid,  if  not  alfp^ady  pre- 
sent, then  tartaric  acid,  antl  dilute  with  water,  if  nece8saT5%  IntiTMluco 
the  clear  fluid  into  a  flask,  closed  with  a  doubly  pcrforatt*d  cork  ;  through 
one  of  the  perfui-ations  passea  a  tube,  bent  outside  at  a  right  angle,  which 
nearly  extends  to  the  bottom  of  the  flfisk ;  through  the  other  perfursi- 
tion  passes  another  tube,  bent  outside  twice  at  right  angles,  uljti  It 
reu<"hes  only  a  short  way  into  the  flask ;  the  outer  end  of  thin  tu^ 
slightly  under  water.  Conduet  through  the  first  tube  sulpbu;  ^  .  .. 
hydrogen  gas,  until  it  predoniinatea  strongly ;  put  the  fltisk  in  a  mode- 
rately warm  place,  and  after  some  time  couduct  carbonic  acid  into  the 
tiuidj  until  the  excess  of  the  other  gtis  is  almost  completely  removwl; 
filter  now  without  intermission  through  a  weighed  filter,  wash  the  pie- 
cijiitute  rai«idlY  and  thoroughly  with  water  mixed  with  a  few  drops  of 
sulphuretted  hydrogen  water,  dry  at  lUO^,  and  weigh.  The  precipitate 
BO  weighed  always  retains  sotne  water,  and  may,  besides,  contain  fjve 
sulphur  ;  in  fact,  it  always  contains  the  latter  in  cases  where  the  auti* 
mony  sol uf  ion,  besides  teroxide  or  terchloride^  contains  antimonic  acid 
or  pentaehloride  of  antimony,  since  the  precipitation  under  these  cir* 
cmiistanres  is  precetled  by  ^  reduction  of  the  higher  oxide  or  chluridu 
to  teroxide  or  terehloride,  accompanied  by  separation  of  sulphur^  (H, 
llosE.)  A  further  examination  of  the  precipitate  is  accoi-dingly  india- 
j>cn  sable. 

To  this  emi,  tn?at  a  sample  of  the  weighed  precipitate  with  strong  hjr- 
dro chloric  acid.      If 

a.  The  sample  dissolves  to  a  clear  flidd,  this  is  a  proof  that  the  preci- 
pitate only  contains  Sb  S^, ;  but  if 

b.  Sulphur  sepamtea,  this  shows  that  free  sulphur  is  present. 

In  case  r^,  the  greater  portion  of  the  dried  pn^cipitate  is  weighed  m  a 
porcehiin  bont,  which  is  then  inserted  into  a  sutHciently  ^dde  glass  tube, 
iihout  2  decimetres  long;  a  slow  cuiTent  of  dry  carbonic  acid  is  trans- 
mitted tlirough  t!ie  latter,  and  the  boat  cautiously  heated  by  means  of 
a  lamp,  moved  to  and  fj^o  tinder  it,  until  the  orange  precipitate  becomes 
black  ;  tlits  operation  serves  to  expel  the  whole  of  the  water  pv 
The  yirecipitate  is  tlien  tillowetl  to  cool  in  the  current  of  carbon. 
and  weighed ;  fn^ni  the  tmiount  found,  the  total  quantity  of  anli 
sulphide  of  antininny  contaiued  in  the  entire  precipitate  is  tisci  i 
by  a  simple   calcuhition.     The  results  are  accurate*     Expt.  No.  >■ 
99'21  instead  of  lOa     litit  if  the  precipitate  is  simply  dried  at  1< ' 
results  are  about  *2  per  cent,  too  high — see  the  same  experiment.     ¥or 
the  properties  of  the  precipitate,  see  §  UO. 
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In  case  K  the  precipiUte  is  subjected  to  the  flame  treatment  as  in  <i, 
with  till  *  nee  only,  that  the  contents  of  the  boat  are  heated  much 
mare  ii.  .  imd  the  process  is  oontiiiuod  until  no  more  sulphur  is 

expelled.  This  removes  the  whole  of  the  admixed  sulphur  ;  the  residue 
eooaista  of  pure  tersulphide  of  antimony*  It  must  be  cumplet-ely  solu- 
U^  in  fbmiiig  hydrochloric  acid  on  heating. 

AcDoniing  to  Blinsex  it  is  best  to  convert  the  sulphide  of  antimony 
into  antitnoniate  of  teroxide  (see  2), 

Hie  method  (described  in  g  148)  of  estimating  the  sulphur  in  the  pre* 
dfittate  dried  at  100°,  and  calculating  the  antimony  from  tlie  difference, 
dw»  not  give  accurate  results,  sinc^  the  precipitate,  besides  antimony 
ifid  aitlphuTT  contiina  also  water.  In  cases,  therefore,  where  tliis  indi> 
rMt  Buediod  is  resorted  to,  the  water  must  iii^t  be  expelled^  as  directs 
ed  ino. 

Tke  antimony  may  also  be  determined  in  the  direct  way,  in  the 
]Vid|iitate  dried  at  100'^.  To  thia  end,  an  aliifuot  part  of  it  is  weighed 
iij  i  '  "  '  iVie,  hydrogen  gas  transmitted  through  the  latter,  and  a  very^ 
gt  :ippUed,  which  is  gradually  increased,  until  no  more  sulphu- 

3Ttt«d  hydrogen  escapes.  It  is  hardly  possible,  however,  to  avoid  a 
i!d^%  lois8  of  antimony  in  this  process,  as  a  small  portion  of  that  body 
ii  but  too  apt  to  l>e  mechanically  carried  away  by  the  hytlrogen  gas. 

For  the  method  of  ei^tiinating  the  antimony  m  the    sulphide  volu* 
attricaliy  and  indirectly,  see  3,  a. 
2.  jy^terrrUnaiion  as  Aniiiaonini^  of  Teroxide^ 

0,  In  the  case  of  teroxide  of  antimony  or  a  compound  of  the  same  with 
ta  easily  %^olatileor  decomposable  oxygen  acid,  evaporate  carefully  with 
Bitnc  acid,  and  ignite  finally  for  some  lime  till  the  weight  is  constant. 
The  experiment  may  be  safely  made  in  a  platinum  crucible.  With  anti* 
iDooic  acid,  the  evaporation  with  nitric  acid  is  unnecessary. 

K  If  sulphide  of  antimony  is  to  be  converted  into  antiinoniate  of  ter- 
oxide, one  of  the  two  following  methods  given  by  Bunsen  *  is  empiloyed  i  — 
«.  Moisten  the  dry  sulphide  of  antimony  with  a  few  drops  of  nitric 
•dd  of  l*-42  sp.  gr.,  then  treaty  in  a  weighed  porcelain  cnu'iblo,  with  con- 
eite  bd,  with  8 — 10  times  the  quantity  of  futoing  nitric  acid,|  and  let 
llie  acid  grttduaJly  evaporate  on  the  water-batli.  Tlie  sulpliur  separates 
ftt  fini  ma  fine  powder,  which,  however,  is  readily  and  completely  oxidized 
donng  tlie  process  of  evaporation.  The  white  residual  nny^  in  the  cruci- 
Mscoftmstsof  anlimonic  acid  and  snlphuric  acid,  and  may  by  ignition  be 
eaiif«rtc$d,  without  loss,  into  antimoniate  of  teroxide  of  antunony.  If  the 
sslpliide  of  antimony  contains  a  large  excess  of  free  sulphur,  this  mufit  first 
b«  removed  by  washing  with  bisulphide  of  carbon  (tice  3  at  the  end),  before 
procec<ding  to  oxidation. 

S,  ilix  the  sidphide  of  antimony  with  30 — 50  times  its  quantity  of 
pope  oxide  of  mercury4  and  heat  the  mixture  gradually  in  nn  open  por- 
icible.     As  soon  as  oxidjition  begins,  which  may  bo  known  by 
evolution  of  gi'ay  mercurial  fumes,  moderate  the  heat.     Wlien 

•  AnnaL  d,  Chem.  a.  Pbarm.  106,  3. 
I  t  S^itnc  acid  of  I  42  ap.  gr.  is  not  miitablo  for  tbls  pyrpose.  cws  its  boiling  point 
titalnUMt  10'  above  the  fnsinij  point  of  snlphur^  whereas  ftinjiiiiy:  nitric  acid  boils 
[Ik  88*,  conaegaently  below  the  fusing^  point  of  salphnr.  With  nitric  acid  of  1^43 
I  wif,  fc,  Hiefelore,  the  separated  8ulpbiir  foses  and  forms  drops,  which  obstlimtelj 
eiiit  oxidatioii, 
t  H  it  best  to  tise  that  prepared  in  the  wet  way. 
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the  evolution  of  mercurial  fumes  diminiahes  raise  the  temperature  agido, 
always  taking  care,  however,  that  no  reducing  gases  come  in  contact  with 
the  contents  of  the  crucible.  Kemove  the  last  traces  of  oxide  of  mercury 
over  the  blast  gaa-lanip,  then  weigE  the  residual  fine  white  powder  of 
antimoiiiate  of  teroxidtj  of  aDtimony.  As  oxide  of  mercury  generally  leaves 
a  trifling  fixed  residiae  upon  ignition,  the  amount  of  this  should  be  deter- 
mined once  for  all,  the  oxide  of  mercury  added  approximately  weighed, 
aud  the  corresponding  amount  of  fixed  residue  deducted  from  the  ontimo- 
tiittte  of  teroxide  of  antimony.  The  volatilization  of  the  oxide  of  mercfuiy 
proceeds  much  more  rapidly  when  etFected  in  a  platinum  oracibley  instead 
of  a  porcelain  one.  But,  if  a  platinum  crucible  is  employed,  it  must  be 
eflectively  protected  from  the  action  of  antimony  upon  it,  by  B^ffood  lining 
of  oxide  of  mercury.*  lithe  sulphide  of  antimony  contains  free  sulphur, 
this  must  first  be  removed  by  wa^ihing  with  bisulphide  of  carVion,  before 
the  oxidation  can  be  proceeded  with,  since  otherwise  a  slight  deflagration 
is  unavoidable.  The  bisulphide  of  carbon  used  may  be  very  easily  rec- 
tified, and  then  used  again,  so  that  the  washing  of  a  precipitate  may  be 
effected  with  as  little  as  10—15  grammes  of  bisulphide  of  carbon. 

3.  Volumetric  Metfmds, 

Tlie  proposals  under  this  head  are  based,  either, 

«,  Upon  the  decomposition  of  the  sulphide  on  boiling  with  hydrochloric 
acidj  and  the  determination  of  the  sulphuretted  hydrogen  evolved,  (11 
Schkeii>er4) 

h^  Upon  the  oxidation  of  the  teroxide  with  permanganate  (KsBfiLERt)* 

a.  Volumetric  Estimation  by  detm^mhmiff  the  Sulphuretted  JTydragm 
given  up  hj  the  Sulphiile. 

Both  tersiilphide  and  pentasulphide  yield  under  the  action  of  boiling 
hydrochloric  acid  3  eq.  of  sulphuretted  hydrogen  for  every  1  eq«  of  anti- 
mony. Hence,  if  the  amount  of  the  gas  evolved  under  such  circumstances 
is  estimated,  the  amount  of  antimony  is  known. 

For  decom]»osing  the  sulphide  and  absorbing  the  gas  the  same  apparatus 
serves  aa  Binsen  employs  for  his  iodimetric  analyses  (§  130,  ^g,  b\). 
The  size  of  the  boiling  fiask  should  depend  on  the  quantity  of  sulphide : 
for  quantitit^s  up  to  0*4  grm.  Sb  Sj,  a  tiask  of  100  c.  c,  is  large  enoui^h; 
for  4 — 1  -0  grm.,  use  a  200  c,  c.  flask.  Tlie  body  of  the  flask  should  be 
spherical,  the  neck  rather  narrow,  long,  and  cylindiical.  If  the  si « 
of  antimony  is  on  a  filter,  put  both  together  into  the  flaak.  The  j 
cJdoric  acid  slvould  not  be  loo  concentrated. 

The  det^^rmination  of  the  sulphuretted  hydrogen  is  best  conducted 

*  This  Is  effected  b«fli,  aooordini^  to  Bmisen.  in  the  following  waj  :  Soften  thA 
iMd^  «id  of  a  oommoo  test  tabe  befora  Ihe  glass-blower's  lamp  ;  place  the  ml- 
teaed  «iid  in  the  oenire  of  the  plafeinnm  crucible,  and  blow  into  it«  which  wilt 
oaoM  11  to  expand  and  aasome  the  exact  form  of  the  interior  of  the  cr 
Onok  off  the  bottom  of  the  little  flask  so  formed,  and  smooth  the  shnr; 
otAtkmsly  by  fii«ion.  A  glaae  is  thaa  obtained,  open  at  both  enda,  which  exftcu/ 
fits  the  cmdble.  To  affeot  the  lining  1^  moana  of  this  inBtrument*  fill  the  cmdlila 
looeely  with  oxide  of  oiAcaiiiT  up  to  the  boim,  then  fozoe  the  ghMBgradnftlty  sa^ 
aiowly  dow&  to  the  bottooi  el  the  oradble ,  oena»iona1W  ahftking  ont  the  oxide  of 
momxT  from  the  interior  of  tlMglaaa  The  inside  of  y»e  cmcible  is  thoa  eoni«i 
with  a  layar  of  odd* of  aMfoary  |— 1  tine  thick,  which,  after  the  remofalof  1^ 
giav^  adheiM  with  aoffldaat  ficnui683»  eren  upon  ignition. 

t  Fofg.  Anna!  110, 634.  (  Zeitadhxift  1  anaL  Chetn.  9,  383. 
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ording  to  the  method  given  in  §  148,  &,    The  results  obtained  by 
(JBrDEE  are  satiafactory. 
If  the  precipitate  contains  chloride  of  antimony,  the  resulta  are  of  course 
fidse,  and  this  would  actually  be  the  case  if  on  precipitation  with  sulphu- 
retted hydrogen  the  addition  of  tartaric  add  were  omitted. 

Volumetric  Determinatwn  with  Permanga^nate  of  PotnsK 
•In  the  absence  of  organic  matter,  he^ivy  metallic  oxides,  and  otljer 
bodies  which  are  detrimental  to  the  reaction,  dissolve  the  substance  con- 
teroxide  of  antimony,  at  once  in  hydro  chloric  acid.  Tlie  solution 
Id  contain  not  lese  than  J  of  its  volume  of  hydrochloric  acid  of  1-12 

The  permanganate  solution,  which  may  contain  about  1*5  grm,  of  the 
cfystallized  salt  in  a  litre,  is  added  to  permanent  reddening.  The  eod- 
r»iction  is  exact,  and  tlie  oxidation  of  the  ter oxide  of  antimony  to  anti- 
monic  acid  goes  on  unilbrmly,  although  the  degree  of  dilution  may  vary, 
provideti  the  above  relation  between  hydrocliloric  acid  and  water  b  kej>t 
up.  It  ii?  not  well  that  the  hydrochloric  acid  should  exceed  \  of  the  volume 
of  the  tiuid,  as  in  that  case  the  end-reaction  would  be  too  transitory. 
Tartaric  acid,  at  least  in  the  proportion  to  teroxide  of  antimony  in  wliich 
it  exiHts  in  tartar  emetic,  does  not  interfere  with  the  reaction.  Hence 
the  permanganate  may  be  standardized  by  the  aid  of  solution  of  tartar 

letic  of  known  strength. 

If  tiie  direct  determination  of  the  hydrochloric  acid  solution  is 
not  practicable,  precipitate  it  with  suljiliuretted  hydrogen.  Wash  the 
precipitate,  transfer  it,  together  with  the  filter,  to  a  small  flask ;  treat 
it  with  A  sufficiency  of  hydroelilorie  acid,  dissolve  by  digestion  on  the 
water-bath,  add  a  sufficient  qimntity  of  a  ne&i'ly  saturated  solution  of 
chloride  of  mercury  in  hydrochloric  acid  of  1*12  sp.  gr.  to  remove  the 
sulphuretted  hydrogen,  make  the  fluid  up  to  a  certain  volume,  allow 
to  settle,  and  use  a  measnred  portion  of  the  perfecUy  dear  solution  for 
tho  experiment. 

§126. 
4  Protoxide  of  Tix,  and  5.  Bikoxibe  of  Tm. 

a.  Solution, 

In  dissoh'ing  compounds  of  tin  soluble  in  water,  a  little  hydrochloric 
acid  is  added  to  insure  a  clear  solution.  Nearly  all  the  compounda  of 
tin  insoluble  in  water  dissolve  in  hydrochloric  acid  or  in  aqua  regia. 
The  hydrate  of  metaatannic  acid  may  be  dissolved  by  boiUng  with  hydro- 
chJoric  acid,  decanting  the  fluitl,  and  treating  the  residue  with  a  large 
proportion  of  water.  Ignited  binoxide  of  tin,  and  coinpounda  of  the 
biiioxide  insoluble  in  acids,  are  prepared  for  solution  in  hydrochlonc 
Acid^  by  reducing  them  to  the  state  of  a  tine  powder,  and  fusing  in  a  sil- 
ver crucible  with  hydrate  of  {K)tassa,  or  soda,  in  excess.  Metallic  tin  is 
diifiolved  best  in  a^|ua  regia ;  it  is  genei*aMy  determined,  however,  by 
converting  it  into  binoxide,  without  pi-evious  solution.  Acid  solutions 
of  binoxide  of  tin,  which  contain  hydrochlonc  acid,  or  a  chloride,  can- 
not be  concentrated  by  evaporation,  not  even  after  the  addition  of  nitric 
aoid  or  sulphuric  add,  without  volatilization  of  bichloride  of  tin  taking 
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b,  Determinatimi, 

Tin  is  weighed  in  the  form  mf  Mtioxld^^  into  which  it  is  converted, 
either  by  the  iigency  of  nitiic  acid,  or  by  precipitation  as  hydrated 
binosdde,  or  by  precipitation  as  sidpliide. 

A  great  many  volumetric  methods  of  estimating  tin  have  been  pro- 
posed, Tliej  all  depend  on  obtaining  the  tin  in  solution  in  the  con- 
dition  of  protochloride,  and  converting  this  into  bichloride  either  in  alka- 
line or  acid  sohitiom     A  few  only  yield  satisfactory  resulta. 

We  may  convert  into 

BiKoxjDB  OP  Tin. 

a.  By  tM  agmiey  of  Nitric  Acid, 

Metallic  tin,  and  those  compounds  of  tin  which  contain  no  fixed  i 
provided  no  compounds  of  chlorine  be  present. 

h,  By  I^recipitatlon  as  IFydrated  Blnoxide, 
All  compounds  of  tin  containing  voktile  acids,  provided  no  non-voli- 
tile  organic  substances  nor  sesqnioxide  of  iron  be  pi^sent. 

r.  By  Precip^itation  as  Sulphide* 

All  compounds  of  tin  without  exception. 

In  methods  a  and  f,  it  is  qiiite  indifferent  whether  the  tin  is  pr 
in  the  state  of  protoxide  or  in  that  of  binoxide.    The  method  h  requin 
the  tin  to  be  present  in  the  state  of  binoxide.     The  volumetiic  metliw 
may  be  employed  in  all  cases;  but  the  estimation  is  sim[de  and  i 
only  where  the  tin  is  in  solution  as  protochloride  and  free  from  otl 
05ddizable  hodies,  or  can  readily  be  brought  into  this  state.     For  t 
mc'lliods  of  determining  the  protoxide  and  hinoxide  in  presence  of  each 
other,  I  refer  to  Section  V. 

1.  Beterminaiii^n  of  Tin  as  Binoxide^ 

a.  By  Trmtiny  with  Nitric  AciiL 

Til  is  method  is  resorted  to  principally  to  convert  the  metallic  tin  into 
biuoxide,     F<ir  tliis  piir]>ose  the  finely-divided  metal  is  put  into  a  capa- 
cious tlask,  and  niCH]ei"ately  concentrat*Hi  pure  nitric  acid  (about  1*3  sp. 
gr.)  gradual ly  poured  over  it;   the  flask  is  covei'ed  with  a  watch-gltts. 
When  the  first  tumultuous  action  of  the  acid  has  somewhat  abated,  a 
gentle  heat  is  jippHed  until  the  hinoxide  formed  apj>ears  of  a  pure  wbite 
color,  and  further  action  of  the  acid  is  no  longer  percej>tible.    The  conteuta 
of  the  flask  are  then  transfen-ed  to  a  porcelain  cJish  and  evaporated  on  u 
water-hath  to  dryness,  water  is  then  added,  and  the  precipitate  is  collected 
on  a  filter,  washed^  till  the  washings  scarcely  redden  litmus  paper,  dried, 
ignited,  and  weighed.     The  ignition  is  effected  best  in  a  small  yvorcelain 
crucible,  according  to  the  dii-ectious  given  in  §  53  ;  still  a  platinum  cru- 
cible may  also  be  used.     A  simple  red  heat  is  not  sufficient  to  <lrive  off 
idl  the  water ;  the  ignititm  niiist  therefore  be  finished  over  a  gas  blart* 
lamp.     C'Onipnunds  of  tin  whicli  contain  no  fixed  substances  may  be  eon- 
vertt^d  into  binoxideby  treating  them  in  a  porcelain  crucible  with  nitric 
acid,  evaporating  to  dryness,  and  igniting  the  residue.    If  sulphuric  acid 
be  present,  the  expulsion  of  that  acid  may  he  promoted,  in  the  last  stages 
of  the  process,  by  cai*bonate  of  ammonia,  as  in  the  case  of  bisulphate  of 
potassa  (§  97) ;  here  also  the  heat  must  be  increased  as  much  as  posBi- 
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lib  at  the  end.    For  the  properties  of  tlie  residue,  see  §  91.    The  results 
age  acctirate. 

^y  PtttipiUition  as  IfydraU  of  Blnoxide. 

e  application  of  thin  method  presiipfioses  the  whole  of  the  tin  to  be 
nt  ia  the  state  of  biijoxidft  or  bichloritlt^     Therefore^  if  a  solution 
s  protoxide,  either  mix  witb  chlorine  water,  or  conduct  chlorine 
into  it,  or  heat  gently  with  chlomte  of  potassa,  until  the  conversion 
of  the  protoxide  into  binoxide  is  efiected.     Wlien  tliis  baa  been  done, 
add  ammonia  until  a  permanent  precipitate   just  beefina  to  fonn,  and 
then  hydrochl(»rie  acid,  drop  by  ch'o|(,  until  this  precipitate  ia  completely 
U|^esoIvt;d;  by  this  meana  a  large  excess  of  hydi'ochloric  acid  in  the 
^^■tii»n  will   be  avoided.     Add    to   the    fluid   so    prepared  a  concea- 
^^Bed   solution  of  nitrate  of  annnonia  (or  Huljdiate  of  soda),,  and  apply 
^^ft  for  some  timt»,  whereupon  thi;  whoio  of  the  tin  T^dll  preci]>itate  as 
IHmrat4}>  of  binoxide.     Decant  three  times  on  to  a  lilter,  then  collect  the 
precipitate  on  the  latter,  wash  thoroughly^  dry,  and  ignite.     To  make 
quit4?  &i»re  that  the  wiiole  of  the  tin  has  separated,  you  need  simply,  be- 
fore proceerling  to  filter,  add  a  few  drops  of  the  clear  supeiTiatant  tluid 
to  a  hot  solution  of  nitrate  of  ammonia,  or  sulpluite  of  sodri,  when  the 
Llmnation  or  nonformation  of  a  precipitate  will  at  once  decide  the  «pies- 

^^pbis  method,  which  we  owe  to  J.  LowENTHAL,  has  been  repeatedly 
^^Bad  by  Idra  in  my  owii  labomtoiy,*  is  easy  and  convement,  and  gives 
pHpf  accurate  rasulU.  The  decomposition  is  expresaed  by  the  equation, 
'SuOl.  4-  2  ( NH,  O,  NO,)  f  2  11 0 = Hn  O,  ^  2  NH,  CI -f  2  { NO,, H ( J ),  or,  in 
precipitating  with  sulphate  of  soda:  Sn  €^1^+4  (Na  O,  8  O^in-^  H  O^ 
8n  0,4-2  Na  €1  +  2  (Na  O,  II  O,  2  B  O,), 

L^in  may  also,  according  to  K,  Rose,  |  be  completely  precipitated  from 
^^HtiotiH  of  the  binoxide  or  bichloride,  by  sulphuiic  acid.  If  the  solu- 
^Bm  contain^i  njetastannic  acid  or  met^icLloride  of  tin,  the  precipitation 
iM  eilected  without  extmordinary  dilution  ;  on  the  contrary,  if  it  contains 
the  other  motlitication  of  the  binoxide  or  bichloride,  very  con.sidembla 
^dilution  ia  nece&sary.  If  free  hydrochloric  acid  is  absent,  the  preoii*ita- 
tion  iii  rapid ;  in  other  cases  12  or  24  hours  at  least  are  required  for 
perfect  preci[nU*tion,  Allow  to  settle  thoroughly,  before  filtering,  wash 
well  (if  hydi'ochlonc  acid  was  present,  till  the  wiishinga  gL\e  no  turbid- 
ity with  nitrate  of  silver),  dvy  and  ignite,  at  last  intensely  with  addition 
of  s»>me  citi'lirmate  of  ammonia.  The  results  obtained  by  Oesten,  and 
comiaunicated  by  H.  Rose,  are  exact. 

A  ^y  Precipitation  as  Protomdphide  or  Ulrndphide  of  Tin, 

fcipitale  the  dilute  moderately  acid  solution  with  sulphuretted  hy* 
n  water  or  gas.  If  the  tin  was  present  in  the  solution  in  the  form 
of  prot*>xi«le»  and  the  precipitate  consLstj*  accordingly  of  the  brown  pro- 
Iphide,  keep  the  solution,  aupers4itu rated  with  .sulphuretted  liydro- 
fitArifiing  for  Imlf  an  hour  m  a  nioduratuly  warm  placi\  and  tht^n 
r ;  it,  on  the  other  hand,  the  solution  contain  a  Sidt  <jf  binoxide  of 
tin,  amd  the  precijdtjite  consiHti*  accordingly  of  tlie  yellow  bLsul]>hide, 
'put  the  duid,  hiosely  covered,  in  a  wiirm  place,  until  the  odor  of  sul- 
(iliurettcd    hydrogen  has  nearly  gone  olf,  and  then  Jilt4?r.     The  waaluug 
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of  tho  bisulpliide  of  tin  precipitate  which  has  a  great  inclination  to 
tlirough  the  filter,  is  best  elibct«d  with  a  concentniteii  solution  of  cl 
riJe  of  sodium,  Hje  i*euiaiii3  of  the  latter  being  got  rid  of  by  a  sol  alio 
of  acetate  of  ammonia  containing  a  small  excess  of  acetic  acid.     If  the 
is  no  objection  to  having  the  latter  salt  in  the  filtrate,  the  washing  mi 
be  tjntirely  effected  by  ita  means  (Bltnsek*),     Put  the  filter,  with  ti 
not  yet  quite  dry  precipitate  on  it,  into  a  porcelain  crucible,  and  apfj| 
a  very  gent;le  heat,  with  free  access  of  air,  until  the  odor  of  sulphurcm 
acid  is  no  longer  perceptible.     Increase  tho  heat  now  gradually  to  a  hij ' 
degree  of  intensity,  and  treat  the  residue  i^peatedly  with  some  carbon 
of  ammonia  (see  a),  in  order  to  insure  the  complete  expul&ion  of 
aulphurio  acid  which  may  be  present.     Were  you  to  apply  a  very  int 
heat  from  the  beginning,  fumes  of  bisulphide  of  tin  would  escape,  wUid 
burn  to  binoxide  (H.  Rose).     For  tho  properties  of  the  precipitat«8y  i 
§  9L     The  results  are  accurate, 

2*    Yolumetric  Metftods, 

Tlie  determination  of  tin  by  the  conversion  of  the  proto-  into  biehll 
ride  with  the  aid  of  oxidizing  agents  (bichromate  of  potassa,  iodine,  pci^'^*' 
manganate  of  potassa,  <tc*)  offers  peculiar  difficulties,  inasmuch  as  on  the 
one  hand  the  prottK-ldoridti  of  tin  tukes  up  oxygen  from  the  air  and  froi 
the  water  used  for  dilution,  with  mo  it  or  less  rapidity,  according  to 
cumstances  ;  and  on  the  otlier  hand,  the  energy  of  the  oxidizing  agent 
not  always  the  same,  being  inlluenced  by  the  state  of  dilution  and 
jiresence  of  a  larger  or  smaller  excess  of  acid. 

In  the  following  methods,  these  sources  of  error  are  avoided  or  Uniited 
in  sucb  a  manner  as  to  render  the  i-esults  satisfactory. 

1.  E»t%n%fiiw}i  of  ProtocUoride  of  Tin  hy  lodins  in  Alktdim 
Solution  {after  Lenssen  f ). 

DiKsolve  the  protoaalt  of  tin  or  the  metallic  tin  |  in  hydrochloric  add 
(praferably  In  a  stream  of  carbonic  acid),  add  Ilochelle  salt,  then  bioar- 
bonate  of  soda  in  excess.  To  the  clear  alkaline  solution  thus  formed 
a<ld  some  stjireh-solution,  and  afterwards  the  iodine  solution  of  §  14^, 
till  a  jiermanent  blue  coloration  appears.  1  eq,  fi-ee  iodine  used  oor- 
Itspouds  to  1  eq,  tin, 

LENSsEJf-^  results  are  entirely  satisfactory. 

2.  SHinmtlan  of  th^  Proi/oMoride  of  Jin,  after  addidon  i 
SatjuiMaride  of  Iron* 

Pii>toohloride  of  tin  in  acid  solution  is  best  oxidized  by  oxid 
agents  afti*r  lieing  mixed  with    &esi|uicliloride  of  iron  (LiiwEXl 
Stbomkvkr  1). 

fK  The  given  substanco  is  a  proto-ealt  of  tin.      Dissolve  in  pure  i 


♦  Amiai  d.  Chem.  w.  PhArm.  100,  IS. 
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i  The  solution  of  metallic  tin  is  mach  assisted  bj  the  presence  of  platinum 
MU  which  is  acoordiofly  addod.  LenflseQ  fonuid  thk  addition  of  platinmn  to  be 
olk}eotloiiabl9 ;  bill  no  other  azpenmenlw  haa  obsenred  that  it  interferes  with 
til*  aooimc^  of  lb«  rMwlla 
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iilaride  of  iron  (free  from  protochloiide)  with  addition  of  hydro- 
irio  acid,  dilute  and  add  standard  permanganate  from  the  burette. 
Now  make  another  experiment  with  the  same  quantity  of  water  similarly 
colored  with  sesquichlorido  of  iron  to  ascertain  how  much  permanganate 
is  required  to  tinge  the  liquid,  and  subtract  the  quantity  so  used  from 
the  amount  employed  in  the  actual  analysis,  and  from  the  remainder 
calculate  the  tin. 

The  reaction  between  the  tin  salt  and  the  iron  solution  is  SnCl  4- 
Fe50L,  =  HnCL-f  2  Fe  <J1.  The  solution  thus  contains  protocliloride  of 
ii*oji  in  the  plivce  of  proto-salt  of  tin,  the  former  being,  ns  is  well  known, 
fur  less  susceptible  of  alteration  from  the  action  of  free  oxygen  than  tho 
liitt4«r.     *2  eq.  iron  found  correspond  to  1  eq.  tin. 

b,  llie  given  substunce  is  metallic  tin.  Either  dissolve  in  hydro- 
chloHc  ncid — preferably  with  addition  of  pktinum  and  in  an  atmosphere 
of  curbonic  acid — ^and  treat  the  solution  according  to  «,  or  place  the 
substance  at  once  in  a  concentrated  solution  of  sesquifhlorido  of  iron, 
l&iJLed  with  a  little  hydrochloric  acid  ;  under  these  circumstances  it  will, 
if  finely  di^^ded,  dis-nolve  quickly  even  in  the  cold  and  with  out  evolu- 
tion of  hydrogen.  Gentle  warming  is  unobjectionable.  Now  add  tho 
permanganate.  The  reaction  ia  Sn+2  Fo,  Cl^^  Sn  Cl^-fi  Fe  CI, 
therefore  every  4  eq.  iron  found  redticed  coiTespond  to  1  eq,  tin. 
The  results  are  of  course  only  correct  when  iron  is  not  present. 
Where  this  is  the  case,  proceed  with  the  impure  tin  solution  accord* 
ing  to  e. 

c,  The  given  substance  ia  bichloride  of  tin,  or  binoxide  of  tin,  or  a 
compound  of  tin  containing  iron.  Dissolve  in  water  with  addition  of 
hydrochloric  acid,  place  a  plate  of  zinc  in  tho  solution  and  allow  to  stand 
twelve  hours,  then  remove  the  precipitated  tin  with  a  brush,  wash  it, 
di»olve  in  sesquicldoride  of  iron,  and  proceed  as  in  b. 

d,  Tlie  given  substance  is  pure  bisulphide  of  tin,  precipitat-ed  out  of 
an  acid  solution  of  binoxide  free  from  protoxide.  MLx:  with  sesqui- 
eUoride   of  iron,  heat  gently,  filter  otl'  the  sulfdiur,  and  then  add  tho 

rnganate.  4  eq.  iron  cotTespond  to  1  eq.  tin,  fVir  SoS,  +  2  FcsjCli^ 
-I-  4  FeCl  +  2  B,  The  results  obtained  by  Stbo31eyer  are  quite 
-ctory. 


§  127. 
6.  ABaEKtous  Acid,  and  7.  Arsenio  AcfD. 


The  compounds  of  arscnious  and  arsenic  acids  which  are  not  soluble  in 
wiil4?r  are  dissolvetl  in  hydrochloric  acid  or  in  uitrohydrochloric  acid. 
Some  native  arsenitites  require  fusing  with  carbonate  of  sotla.  Metallic 
atvenic,  sulphide  of  arsenic  and  metallic  arsenides  are  diBsolvcd  in  fuming 
nitric  acid  or  nitrobydrochhiric  acid  ;  those  nictalHc  arsenides  "which  are 
insoluble  in  these  menstrua  are  fused  wdth  carbonate  of  soda  and  nitrata 
of  jK>tassn,  by  which  means  they  are  converted  into  soluble  arseniates  of 
the  alkalies  and  insoluble  metallic  oxides^  or  they  may  be  suspended  in 
potaauk  eolution  and  treated  vdih  chlorine  (§  Hv4,  B,  7).  In  this  last 
m^^tkM'  too,  sulphide  of  arsenic,  dissolved  in  concentrated  potassa,  may 
he  very  easily  rendered  soluble.  All  solutions  of  compounds  of  arsenic 
which  hmve  bae^^ggtod  by  long  heating  with  fuming  nitric  acid,  or  by 
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warming  with  excess  of  nitroliydrochloric  aoiiJ,  Cfi*  elilorinej  caotaiii 
arai^nic  acid.  A  solution  of  artjttnious  acid  in  hTdrocLloric  acid  cannot 
be  concentrated  by  evaporation,  since  chloride  of  arsenic  would  escape 
with  the  hydrochloric  acid  fumes.  This,  however,  less  readily  takea 
place  if  the  Bolution  contains  ai'seuic  acid ;  it  is  advisable  in  all  cases 
where  a  hydrochloric  acid  solution  containing  arsenic  is  to  be  concen- 
trated, previously  to  render  the  same  alkaline. 

b.  JJetermmaihn. 

Ai'seidc  is  weighed  as  ar»eniale  of  ha<i^  or  as  arseniate!  of  maf^ 
and  ammonia^  or  as  arseiilate  of  sest/uiaj^ide  0/  irony  or  s^UrrndphhU  of 
arsenic.  The  determination  as  arfleniate  of  magnnaia  and  ammonia  is 
sometimes  preceded  by  pi-eeipitation  as  ai'senio-molybdate  of  ammonia. 
Arsenic  may  be  estimated  al^  in  an  indirect  way,  and  by  volumetric  methods^ 

We  may  convert  iiito 

L  AsaENiATE  OF  Lead. 

Araenions  and  arsenic  acids  in  aqncousor  nitric  acid  sohition.  (Acids 
or  halogens  forming  fixed  salts  with  oxide  of  lead  or  metallic  lead,  m.u»i 
not  be  present.) 

2.  Arsemate  of  ]VIagnesia  and  Ammonia. 

o,  2?y  Direct  Prccipi(Mi4>n, 

Arsenic  acid  iu  all  solutions  free  from  bases  or  adds  precipi table  by 
magnesia  or  ammonia. 

6.  Preceded  by  Precipitation  as  Arsenio-MolyhdaU  of  Amvwnia^ 
Arsenic  acid  in  all  eases  where  no  phosphoric  acid  is  present,  nor  imj 
substance  by  which  molyhdic  acid  is  decomposed. 

3.  ArSENIATE  of  8ESQUIOXIDE  OF  I  BON. 

Arsenic  acid  in  solutions  ^-ee  from  substances  precipitable  by  seiqia- 
chloride  of  iron  with  addition  of  ammonia  or  carbonate  of  batyta. 

4.  TERsrLriMi^E  OF  Arsenic. 

All  compouoda  of  arsenic  without  exception* 

Arsenic  may  be  determined  volume trically  in  a  simple  and  exact  nwui^ 
ner,  whether  present  in  the  form  of  arsenions  acid  or  an  alkaline  arst*niti'» 
or  as  ai"SHtiio  acid  «>r  mi  alkaline  arsemate,  Tlie  volumetric  methods  bnvo 
now  almost  t'litirtly  suju^rscded  the  indirect  gravimetric  methods  fornifiily 
employed  to  etfeet  the  estimation  of  arsenious  acid* 

1.  Detennitmtion  *m  Arsertiute  of  Lead^ 

o.  Ar»rtdc  Arid  in  Agueovs  Sofutioii. 

A  weighed  [lortion  of  the  sohition  is  put  into  a  platinum  or  porcelMi»- 
diBh,  and  a  weij^hed  amount  of  recently  ignited  pure  oxide  of  lea*!  added 
(about  five  or  six  times  the  su]*posed  quantity  of  arsenic  acid  [jresent) 
the  mixture  is  cautiously  evaporated  to  tb-yness,  atid  the  residue  heati 
to  gentle  redtiess,  and  maintiuned  some  time  at  this  temperature.     Thi 
residue  is  arseniate  of  load  -f  oxide  of  lead.    The  quantity  of  arsenic  aci 
la  now  readily  found  by  subtracting  from  the  weight  of  the  residue 
of  the  oxide  of  lead  added. 
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For  die  propeities  of  arseniate  of  lead,  see  §  92.  Tlie  i-esuUs  are  per- 
fectly accurate,  provided  the  residue  be  not  heated  beyond  gentle  redness, 

h.  Arseniou^  Acid  in  Solution, 

^lix  the  sokition  with  nitric  acid,  evaporate  to  a  small  bulk,  add  a 
weighed  quantity  of  oxide  of  lead  in  excess,  evaporate  to  diyness,  and 
ignite  the  residue  most  cautiously  in  a  covered  crucible,  until  the  whole 
of  the  nitriite  of  lead  is  decomposed.  The  residue  consists  here  also  of 
arsenic  acid 4- oxide  of  le«d.  Thb  method  requires  considerable  care  to 
guard  against  loss  by  decrepitation  up<.>n  ignition  of  the  nitrate  of  lead. 

2.  J^Uinuition  as  ATseniate  of  jUagnesia  and  Affunonia, 

a.  2?y  IHreci  J^eaipitaiion, 

Tliie  method,  which  was  firat  recommended  by  Levol,  pregiipposes 
that  the  whole  of  the  arsenic  is  contained  in  the  solution  iji  the  form  of 
arsenic  acid.  ^V^lere  thin  is  not  the  case,  the  solntiun  in  gently  heated, 
in  a  capacious  fljusk,  with  hydrochloric  acid,  and  chlorate  of  potassa  added 
in  small  portions,  until  the  fluid  emits  a  strong  nmell  of  chlorous  acid ;  it 
I  them  allowed  to  st^md  at  a  gentle  heat  until  the  odor  of  this  gtis  ia  neai*ly 
le  off. 
T  The  arsenic  acid  solution  is  now  mixed  with  aramonia  in  excess,  which 
must  not  produce  turbidity,  even  aftt^r  stending  some  time ;  a  solution 
of  sulphate?  of  magnesia  is  then  added,  containing  chloride  of  ammonium 
in  sufficient  quantity  to  prevent  itB  Ix^ng  rendei'cd  turbid  by  ammonia, 
(The  best  way  is  to  keep  a  solution  of  suljihate  of  magnesia  mixed  with 
chloride  of  ammonium  and  anmiouia  ready  prepared  in  the  laboratory — 
see  §  62,  C.)  The  fluid,  which  smells  strongly  of  ammonia,  is  allowed  to 
stAud  12  houi-s  in  the  cold,  and  then  tiltered  through  a  weighetl  Alter. 
The  precipitate  is  then  transferred  to  the  tilter,  with  the  aid  of  portions 
of  the  filtrate  so  as  to  use  no  more  washing  water  than  necessary,  and 
washed  with  small  quantities  of  a  mixture  of  three  parts  water  and 
one  part  ammonia,  till  the  washings  on  being  mixed  with  nitric  acid 
and  niti^ate  of  silver  show  only  a  slight  opalescence.  Tlie  preciiutate  is 
dtivfi  at  105  to  110'*,  and  weighed.  It  has  the  formula,  2  Mg  (>,  N  H< 
O,  AsO,  +  aq.* 

For  its  properties,  see  §92.  This  process  yields,  it  is  true,  satLsfac- 
rttsnlt8,  but  they  are  still  always  somewhat  too  low,  as  the  precipi- 
iH  percejitibly  soluble  even  in  ammoniftcal  water.     The  terror  may 

fUminished  by  meaKuri ug  the  filtrate  (without  the  washings)  and  add- 
for  every  1*)  c.  c.  I  mgrm.  to  the  weight  found  of  the  precipitate. 
extend  the  correction  to  the  washings  is  inadmissible,  since  they 
tannot  b<«  regarded  as  a  saturated  sohttion. 

5.  I^^eced^d  hy  Prtclpitatloa  as  Arseuio^MolyhdaU  of  Ammonia, 
Alix  tlie  acid  solution,  which  must  be  fi-ee  from  phosphoric  and  silicic 
with  an  excess  of  solution  of  molybdate  of  ammonia.  Tlie  molyb- 
of  ammonia  solution  should  liave  been  jtreviously  mixed  with 
ic  acid  in  excess,  and  the  whole  jirocess  is  conducted  exactly  as  in  the 
of  phosphoric  acid — see  §  131,  6,  3.  Treat  the  arseniate  of  mag- 
afid  ammonia  thrown  down  from  the  ammoniacal  solution  of  the 


To 


r  it  kdri^  in  a  water-bath,  the  dryinfr  must  be  extremely  prolonged,  or  other- 
\  than  1  mi  will  be  \^tt.     Aftor  briof  drying  in  the  water-bath  the  com* 
betwe 
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araenio-molybdate  of  ammonia  with  a  mixture  of  snlpliate  of 
and  diloride  of  anunouium^  as  in  a,     Besnlts  satisfactory. 

3,  Estimation  m  Arteniate  of  Se$qm(md$  of  Iroiu 

(BcBTniEE  and  v,  Kobell's  method.) 

a.  The  Sclution  contains  no  other  Jixed  JBases  bendes  Athdiof, 

Add  to  the  solution  a  measured  quantity  of  eolution  of  sesqui oxide  of 
iron  of  known  strength,  and  pi*ecipitat^  with  ammonia,  (The  preci- 
pitate must  be  reddish  bro#n  :  if  not  of  that  coIoFj  it  Ib  a  aign  tliat  a 
fiufficient  quantity  of  tlie  Bohition  of  Kesquioxide  of  ii'on  has  not  been 
added.)  Allow  to  stand  some  time  at  a  gentle  heat;  El ter,  wash,  and 
dry  the  precipitate ;  then  expose  first  to  a  very  gentle  heat,  to  insure 
the  expulsion  of  the  ammoniit  at  a  temperature  at  which  it  cannot  exer- 
ciae  a  reducing  action  u]>on  the  arsenic  aeid  ;  after  a  time,  increase  the 
heat  gradually,  at  last  subjectuig  the  residue  to  intense  ignition^  till  the 
weight  remains  constant.  The  i-eaidue  is  basic  arseniate  of  aesqiuox" " 
of  iron  +  sesquioxide  of  iron,  or  in  other  words,  sesquioxide  of  iron 
arsenic  acid.  Deduct  from  the  weight  of  the  residue  the  weight  of  i 
aesquioxido  of  iron  added :  the  diliereuce  expresses  the  quaotitj  of 
ai"senic  acid  contained  in  the  analyzed  solution.  A  solution  of  seaqui- 
oxide  of  iron  of  kno%^Ti  strength  fur  the  above  purpose  is  best  prepared 
by  dissolving  fine  iron  wire  in  nitric  acid  by  the  aid  of  heat,  diluting 
suitably,  and  detenmning  the  sesquioxido  of  iron  in  10  c.  c.  by  precipi- 
tation with  ammonia  (see  §  113,  1,  ft).  The  presence  of  a  small  amoimt 
of  silicic  acid  in  the  solution  of  scsquioxida  of  iron  ia  then  without 
injurious  influence,  since  the  same  is  weighed  with  the  ii'on  both 
in  the  determinatioii  of  the  strength  of  the  solution  and  in  the  arsei:' 
estimation. 

h.   The  Soluihn  contains  other  fixed  JBases  besides  Alkalies. 

Tlie  preceding  method  of  Berthier  is  motlified  by  v,  Kobell  as  t 
lows,  provided  the  bases  present  in  the  solution  are  not  precipitated  1  ^  _ 
carbonate  of  baryta  in  the  cold.  The  solution  is  mixed  with  solution  o? 
aeaquioxide  of  iron  of  known  strength,  as  in  tt^  but  instead  of  ammonia, 
carbomite  of  baryta  is  added  in  excess  {should  the  fluid  contfiin  a  Im^ 
excess  of  free  acid,  it  is  advisable  to  nearly  neutralize  thia  previonalj 
with  carbonate  of  soda;  the  fluid  must,  however,  still  remain  clear). 
Tbe  mixture  is  then  allowed  to  stand  severiil  hours  in  the  cold,  i 
precipitate,  which  contains  the  whole  of  the  &esquioxide  of 
whole  of  the  ai-seuic  aeid^  and  tbe  excess  of  cai'bonate  of  tiai-yta,  is  ' 
with  cold  water,  fii-st  by  tlecautation,  theu  upon  the  filter,  dried,  gent 
ignited  for  mrme  tim-e^  and  weighed,  Tiie  residue  is  dissolved  in  hyd 
chloric  acitl,  the  amoimt  of  baryta  contidned  in  it  determined  by  me 
of  sulphuric  acid,  the  sulphate  of  baryta  obtained  calcvdated  to 
bonate,  and  the  calculated  weight,  together  with  the  known  weight  ^ 
the  sesquioxide  of  iron,  subtracted  from  the  weight  of  the  original  i 
due :  the  difierence  expresses  tlie  quantity  of  afaenic  acid  cont«uned  : 
the  analyzed  solution,  lliia  method  prei^upposea  the  absence  of  aulphxiric" 
add.  In  cases,  therefore,  where  that  acid  is  present,  it  must  be  removed 
before  the  carbonate  of  baryta  can  be  added  ;  which  is  effected  by  preci- 
pitating with  chloride  of  barium,  and  filtering  off  the  precipitate. 
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4.  Ihtemnnatum  (is  Ter8\dphide  of  Arsenic^ 
It*  In  SoitUicns  of  Ars&mau^  Acid  or  ArseniUs^  free  from  Arsenic 

Precipitate  with  sulphuretted  hydrogen,  and  ex|>el  the  excess  of  the 
Y^^cipitant  by  carbonic  acid,  conducting  the  process  in  the  eame  way  aa 
"with  antimony — see  §  125,  L  Wash  the  precipitated  tei-sulphide  of 
ATsemc,  dry  at  lOO^j  and  weigh.  Particles  of  the  precipitate  adhe- 
Dg  so  firmly  to  the  glass  tube  that  mechanical  means  fail  to  remove 
them  are  dissolved  in  ammonia,  and  tlien  I'eprecipitated  by  hydrochloric 
add.  For  the  properties  of  the  precipitate,  see  §  92.  The  resulta  am 
accurate. 

If  the  solution  contains  a  substance  which  decomposes  snlphuretted 
hydrogen,  such  as  se,Hi|uioxide  of  iron,  chromic  acid,  ike,  the  free  snl- 
phur  which  precipitates  with  the  tersulpliide  of  ai-senic  destroys  the 
Accuracy  of  the  i-eaults.     In  aiich  caKca  tlw   precipitate  is  dissolved  in 
lolution  of  potassa,  and  chlorine  transmitted  through  the  solution  (^ 
148,  II.  2,  b).     In  the  solution  produced,  which  contains  the  salplmr 
as  sulphuiic  acid,  the  arsenic  as  arsenic  acid,  the  latter  is  deteiinined  aa 
in  2,  a;  or  the  sulphuric  acid  is  estimated,  the  quantity  found  calculated 
lo  tiilphurf  and  the  calculated  weight  of  the  latter  suhtnicteil  irom  that 
of  the  mixed  precipitate  of  tersulphide  of  arsenic  and  sulphur.     No  loss 
of  arsenic  by  volatilization  of  the  chloride  takes  place  in  this  method  of 
I  oxidizing   the  sulphide  of  arsenic,  since  the  solution  remains  alkaline. 
•  The  object  may  also  be  conveniently  attutned  by  the  use  of  nitric  aciJ,    A 
Tery  strong  fuming  acid,  of  S\j^  boiling  point,  is  employed ;  an  acid  of 
1*42  fip.  gr.  wliich  boils  at  a  higher  iemperature  does  not  answer  the  pur- 
|x>6e,  as  the  separated  sulphur  would  fuse,  and  iL<i  oxidation  would  he  much 
retarded.    Tl^e  well-dried  precipitate  is  shfiken  into  a  small  porcelain  dish, 
treated  ^-ith  a  tolerably  large  excess  of  the  timing  nitric  acid,  the  dish  im- 
mediately covered  with  a  clock-glass^  and  as  soon  as  the  turbulence  of  the 
first  action  has  somewhut  abated^  heated  on  a  water-hath,  till   all  tlie 
tulphur  has  disappeared,  and  the  nitric  acid  has  evaporated  to  a  Kuiall 
^Tolttme.     The  filter  to  wliich  the  uiireraovahlo  traces  of  sulphide   of 
arsenic  adhere  is  treated  separately  in  the  same  manner,  the  com  pi  eta 
dtsatruciion  of  the  organic  matter  beiiig  finally  effected  by  gently  wann- 
ing tlie  somewhat  dilute  solution  with  chlorate  of  potassa  (Bunsen  *)» 
Or   the  filter  may   instead  he    extracted  w*ith  ammonia,  the  solution 
evaporated  in  a  separate  dish,  and  the  residual  tersul|ihide  treated  as 
above^     In  the  mixed  scdution  the  arsenic  acid  is  Anally  p»recipitated  as 
I  luraeniAte  of  magnesia  and  ammonia  (§  127,  2).  Treatment  of  the  impure 
F precipitate  with  ammonia,  whereby  the  sulpliide  is  dissolved,  and  the 
sulphur  is  supposed  to  remain  behind,  only  gives  approximute  results,  as 
rthc  ammoniacal  solution  of  tersulphido  of  arsenic  takes  up  a  little  stil- 
rohuf.     Small  quantities  of  admixed  free  sulphur  may  be  alno  i*emoved 
f  "without    difficulty  hy  bisulphide  of  carbon ;  but  I  cannot  recommend 
VUviB  method  whei-e  lax'ge  quantities  of  sulphur  are  to  be  extracted.     If 
precipitate  is  moist,  before  using  tliis  solvent,  the  water  should  bo 
►  rid  of  by  twice  treating  yd\h.  absolute  alcohol. 

5.  In  Solutions  of  Arsenic  Add  or  Arseniates^  or  of  a  mvcture  of  th$ 
two  Oxides  of  Arsenic, 

•  Amial.  dL  Chem.  u.  Phamu  100,  10, 
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Heftt  tbe  solution  in  a  flask  (preferably  on  an  iron  plate)  to  about  TC, 
and  conduct  sulphuretted  hydrogen  at  tlie  same  time  into  the  fluid,  as 
'  long  oa  precipitation   take  place.     The  j>recipitate  formed  is  always  a  , 
mixture  of  sulpliur  and  terstiljihid©  of  arsenic,  since  the  arsenic  acid  is  j 
firnt  reduced  to  arsenious  acid  with  separation  of  sulphur,  and  then  tlie 
former  is  decomposed  (H.  Robe*). 

Only  in  the  case  when  a  snilphosalt  containing  pen tasul phi de  of  arsenic 
is  decomposed  with  an  acid,  is  the  precipitate  actnaJly  pentasulphide, 
and  not  merely  a  mixture  of  sulphur  with  tersulphide   (A.  Fuohb  f ). 
WTiichever  may  be  the  constitution  of  the  precipitate,  either  the  ara^nicj 
or  the  sulphur  in  it  must  be  determined,  after  drying  and  weighing^  1 
by  one  of  the  methods  given  in  4,  a, 

5.  Volumetric  Metlt^s. 

a.  Method  which  prtmipposes  the  pre^ejw^  of  Arstmi(mg  Acid. 

Bussen's  method.  J  If  bichromate  of  potassa  is  boiled  with  conoen» 
trated  hydrochloric  acid,  3  eq.  cbloiine  are  disengaged  to  every  2  eq, 
^  chromic  acid  (2  Cr  0^  +  6  H  Cl=Cr,  CI, +3  Cl-f  i3  H  O),  But  if 
arsenious  acid  is  present  (not  in  excess)  there  is  not  the  t|uantity  of 
chlorine  di^^^ngaged  coritjaponding  to  the  chromic  acid,  but  so  much  less 
of  that  element  as  is  req^uired  to  convert  the  arsenious  into  arsenic  acid  \ 
(As  0,-f'-2  Cl  +  2  H  0=As  0,-|-2  H  C"l).  Consequently,  for  every  2  . 
eq.  chlorine  wanting  is  to  be  reckoned  1  eq.  arsenious  acid.  The  quan- 
tity of  chlorine  is  estimated  as  diiected  13Q,  I.  dj  0. 

6,  Method,  which  premfpposes  £fte  presence  of  Arsenic  AcU^ 

Tliia  method  depemla  on  the  precipitation  of  the  arsenic  acid  by  uranium 
solution  and  the  recognition  of  the  end  of  the  i-eactionby  means  of  ferro- 
cyamde  of  pottLSSium.  It  in  therefore  the  same  as  was  su^ested  for  phos- 
phoric acid  by  LEf  ont£,  and  brought  into  use  by  Neubauer,  §  and  after- 
-wards  bj^'  PiNrus,  |] 

BuDEKEU,*!  wlin  first  employed  the  process  for  arsenic  acid,  recommenda 
the  employment  of  a  solution  of  nitrate  of  aeaquioxide  of  ufanium,  as  this 
is  more  perniauent  than  the  hitherto  used  acetate,  w^hich  is  gradually 
decomposed  by  the  action  of  light. 

Tfie  uranium  solution  has  the  con*ect  degree  of  dilution,  if  it  contains 
about  30  grm.  se.Hcjuioxide  of  urtinium  in  1  litre.  It  should  contain  as  little 
free  acid  iis  poH«ible.  The  detenuination  of  its  value  may  be  effected 
with  the  aid  of  pure  arseniate  of  soda  or  hy  means  of  arsenious  acid, — the 
liitt^-^r  is  ojuvertetl  into  ai^seiiie  acid  by  boiling  with  fuming  nitric  acid. 
The  sokiiiou  is  rendered  strongly  alkaline  with  ammonia,  and  then  dis- 
tinctly acid  with  acetic  acid.  Tlie  ui*anium  solution  is  now  run  in  from 
the  burette  slowly,  the  liquid  being  well  stirred  all  the  while,  till  a  drop  of 
'» the  mixture  spread  out  oti  a  porcelain  plate,  gives  with  a  drop  of  ferro- 
cyanide  of  potassium  placed  Jn  its  centi'e,  a  distinct  reddish  brown  line 
where  the  two  fluiils  meet.  The  height  of  the  fluid  in  the  burette  is  now 
read  off,  the  level  of  the  mixture  in  the  beaker  is  marked  with  astxipof 
gummed  pai>er,  and  the  beaker  is  emptied  and  washed,  tilled  with  water 

♦  Fogg.  Anna!.  107,  WH  f  Zeitadiriffc  1  anal  Chem.  1,  189. 

t  Aimal.  d.  Cbem.  ii.  Pliarm.  80,  200. 

§  Archiv.  fur  sviib^eiiftchiiftliche  Heilkunde,  Bd.  iv.  S.  238, 

I  Jooro.  t  prakt  Clieia,  7l>,  104.       %  AaaaL  d.  ChenL  u.  Fharm.  117,  l»3L 


nitb  lulditinn  of  about  as  much  anunonia  and  acetic  acid  as  was  before 
employed,  and  the  uranltim  solution  is  cautiously  dropped  in  froin  the 
bMrt*tto,  till  a  drop  taken  out  of  the  beaker  and  tested  as  above,  givea  an 
equally  distinct  border-line.  The  quantity  of  uranium  solution  used  in 
this  bat  experiment  is  the  excess,  which  must  be  added  to  make  the  en d- 
rtiiu^tion  plain  for  the  dilution  adopted.  This  amount  ia  mibtructed  from 
that  u»ed  in  the  first  experiment,  and  we  then  know  the  exact  value  of 
the  urauimn  aolution  with  reference  to  arsenic  acid. 

In  an  actual  analysis,  the  ar^nie  is  first  brought  into  the  form  of  areenio 
aoid,  a  clear  solution  m  obtained  containing  acettite  of  ammonia  and  some 
free  acetic  acid,*  and  the  process  is  conducted  exactly  as  in  detenriining 
the  value  of  the  standard  solution.  The  experiment  to  ascertain  tlie  cor- 
rection must  not  be  omitted  here,  otherwise  errors  are  sure  to  arise  from 
thi>  different  degrees  of  dilution  of  the  arsenic  acid  solutions  used  in  the 
determination  of  the  value  of  the  standard  solution  and  in  the  actual 
SBaJysos.  The  results  t>f  two  tleteruiinaitiona  of  arsenic  given  by  BoDEKER 
pre  Mitiafactory.     To  execute  the  method  well  revptires  practice. 

6,  intimation  of  Ars4niiau8  Acid  hy  Ttidlrect  Grrammetric  Analysis, 

a..  Rose's  method.  Add  to  the  hydix>chloric  acid  solntion,  in  the  pre- 
ation  of  wliich  care  must  be  t^iken  to  exclude  oxidising  substances,  a 
iution  of  sodio-  or  ammonio-terchloride  of  gold  in  excess,  and  <Iigest  the 
ixture  for  scvend  days,  in  the  cold,  or,  in  the  case  of  dilute  solutions, 
at  a  gentle  warmth  ;  then  weigh  the  sepamted  gold  as  directed  in  §  123. 
Kwp  the  filtrate  to  make  quite  sure  that  no  more  gold  will  eeimrate.  2 
&\,  gold  correspond  to  3  eq,  arsenious  acid. 

h,  Voul's  f  method.  Mix  the  solution  under  examination  with  a 
weight^  quantity  of  bichromate  of  potassa,  and  fitn?  sul|diuric  acid; 
imate  the  chromic  acid  still  present  by  the  method  given  in  §  1.30,  r, 
deduce  from  the  quantity  of  that  acid  consumetl  in  the  process,  i.  j?>,, 
rtiduced  bv  the  arsenious  acid,  the  quantity  of  the  latter,  after  the  for- 
muk  3  Aa  0,4-4  Or  0,=3  As  0,  +  2  Or,  O,, 


JSupplem^nt  Co  0ie  Sixth  Gronp^ 

§128. 

8.  MoLYBDic  Acid. 

ifolvbdic  acid  is  converted,  for  the  purpose  of  its  estimation,  either 
into  binoxide  of  molybdenum,  or  into  molybdate  of  lead,  or  into  bisul- 
phide of  molybdenum. 

«.  Pnr*»  molyb<Hc  acid  (Mo  0^)^  and  also  molybdatc^  of  ammonia,  may 
be  reduced  to  binoxide  by  heating  in  a  current  of  hydrogen  gas.  This 
ISigrt^  done  either  in  a  porcelain  boat,  placed  in  a  wide  glass  tube,  or 
is  H  platinum  or  porcehun  crucible  uHth  perforated  cover  (jj  108,  fig.  47, 
|>*  181).  The  operatifTn  is  continued  till  the  weight  remains  constant. 
The  temperature  must  not  exceed  a  gentle  redness,  otherwise  the  binox- 
ide  itself  might  lose  oxygen  and  become  partially  converted  into  metal. 

*  AlkftUev,  alkaline  earths  and  oxide  of  sine  may  be  pr(>sent,  but  not  such  metals 
AA  yield  colored  precipitates  with  ferroeyanida  of  potaaaium,  as,  for  instance, 
eopper, 

t  AaaL  d.  CbenL  u.  Fhano.  94,  219. 
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In  the  case  of  moljbdate  of  ammonia  the  heat  must  be  very  low  at  first  c 
account  of  the  frothing. 

b.  The  foUowing  is  the  best  method  of  precipitating  molybdic  acid  i 
an  alkaline  solution.     Dilute  the  solution,  if  necessary,  neutralize 
free  alkali  with  nitric  acid,  and  allow  the  ctirbonic  acid,  which  may  i 
liberated  in  the  process,  to  escape,  then  add  solution  of  neutral  mtrati 
of  suboxide  of  mercury.     The  yellow  precipitate  formed  appears  at  f 
bulky,  but  after  several  hours*  standing  it  shrinks;  it  is  insoluble  intl 
lluid,  which  contains  an  excess  of  nitrate  of  suboxide  of  mercuiy.     Cc 
lect  the  precipitate  on  a  filter,  and  wash  with  a  dilute  solution  of  nitrat 
of  suboxide  of  mercury,  as  it  ia  slightly  soluble  in  pure  water.     UTi 
remove  the  dry  precipitate  as  completely  as  practicable  from  the  fiJte 
and  determine  the  niolyWenwm  in  it  as  directed  in  a  (H.  Rose)  ;   orini 
the  precipitate,  together  with  the  fiiter-ashj  with  a  weighed  quantity 
ignited  oxide  of  lead,  and  ignite  until  all  the  mercury  is  expelled ;  then  ad 
some  nitrate  of  ammonia,  ignite  again  and  weigh.     The  excess  obtaine 
over  and  al>ove  the  weight  of  the  oxide  of  lead  used,  is  molybdic  aci( 

(SELIfiSOUN*). 

c.  The  pi-ecipitation  of  molybdenum  as  sulphide  is  always  a  difficult! 
operation.  If  the  acid  solution  is  snpersaturat-ed  with  sulphurett 
hydrogen,  warmed,  and  filtered,  the  filtrate  and  wasliings  are  generally 
still  colored.  They  musti  accordingly,  be  wanned,  and  8ul[)hurett 
hydrogen  again  atlded,  and  the  operation  must  afterwards,  if  necessar 
be  repeated  until  the  washings  appear  aliuost  colorless.  The  prccipita^J 
tion  succeeds  better  when  the  sulphide  of  molybdenum  is  dissolved  in  a 
relatively  large  excess  of  sulphide  of  aramoniimi,  and,  after  the  fluid  has 
acquired  a  reddish-yellow  tint,  precipitated  with  hydrochloric  acid. 
Zenker  f  advises  tlien  to  boil,  until  the  sulphuretted  hydrogen  is  ex- 
pelled, and  t^  wash  with  hot  water,  at  first  slightly  acidified.  The  brt^fwa 
sulphide  of  molybdenum  is  collected  on  a  weighed  filt-er,  and  the  molyb 
denum  determined  in  an  aliquot  part  of  it,  by  gentle  ignition  in  a  cur* 
vent  of  hydrogen  gas,  as  in  a.  The  brown  tsulphide  of  molybdenum 
changes  in  this  process  to  Lhe  gray  bisulphide  (IL  Hose), 

IT.  DETERMTXATION  OF  ACIDS  T^  COMPOUNDS  CONTAINING 
ONLY  ONE  ACID,  FREE  OR  COMBINED;— AND  SEPARATION  OF 
ACIDS  FROAI  BASES. 

FIB8T    GROUP. 

J^9$  J}kn»ion, 

AusE^ioug  AciB — Absenic  Acid — Chboxic  Acid- — (Selenious 
Sulphurous  and  Hyposulphurous  Acids,  Iodic  Acid,  Nitrous  Acid), 


§129. 

1.    AltSENIOUS  AND  ArSKNIC  AcIDS, 

Theae  have  been  already  treated  of  among  the  bases  (§  127)  on  to- 
count  of  their  behavior  with  sulphuretted  hydrogen ;  they  are  merely 


^  JoonL  f .  piakL  Chem.  G7,  472. 
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mentioned  here  to  indicate  the  place  to  which  they  properly  belong. 
I  The  methods  of  separating  them  from  the  bases  will  be  found  in  Sec- 
1  timY. 

^^^^#^^1 
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§130. 
2.  Chromic  Acid. 


1.     Determikation. 


Chromic  acid  is  determined  either  in  the  form  of  sesquwxlde  of  chro- 
fiiiuTTi,  or  in  that  of  ckr&nmte  of  kwL  But  it  may  be  estimated  also 
from  the  quantity  of  carbonic  acid  disengaged  by  its  action  ujKin  oxalic 
acid  in  excess^  and  also  by  volumetric  analysis.  In  employing  the  first 
method;  it  must  be  bonitt  in  mind  tliat  I  eq,  sesquioxide  of  chromium 
correeponds  to  2  eq.  chromic  acid, 

a.  JhUTtiiination  as  Sesqidaxkh  of  Chromium. 

Bw  The  diromic  acid  is  reduced  to  the  state  of  sesqnioxirJe,  and  the 
amount  of  the  latter  determined  (§  lO(i).  The  reduction  is  effected  either 
by  heating  the  solution  with  hydrochloric  acid  and  alcohol ;  or  by  mixing 
hydrochloric  acid  with  the  solution,  and  condMctingsulphnretted  hyih  ogi^n 
into  the  mixture ;  or  by  adding  a  strong  solution  of  sulphurona  acid,  and 
afiplying  a  gentle  heat.  With  concentrated  solutions  the  first  methotl  is 
generally  resorted  to,  with  dilute  solutions  one  of  the  two  latter.  With 
respect  to  the  first  method,  I  have  to  remark  that  the  alcohol  must  be 
expelled  before  the  sesquioxide  of  chromium  can  be  precipitated  with 
ammonia ;  and  -^lith  respect  to  the  second,  that  the  solution  supersiituraUid 
with  sulphuretteii  hydrogen  must  be  allowed  to  stand  in  a  moderately 
warm  place,  until  the  sej^arated  sulphur  has  completely  subsided.  The 
results  are  accurate. 

8*  The  neutral  or  slightly  acid  (nitric  acid)  solution  is  precipitated 
with  nitrate  of  suboxide  of  mercmy,  the  red  precipitate  of  chromate  of 
Hnboxide  of  mercury  filtered  oft',  washed  with  a  dilute  solution  of  nitrate 
of  suboxide  of  mercury,  dried^  ignited,  and  the  residuary  sesquioxide  of 
chromium  weighed  (H.  Rose). 

ft,  J^eienninatwn  as  Chromate  of  I^fmL 

The  sohition  is  mixed  with  acetate  of  soda  in  excess,  and  acetic  acid 
■dded  until  the  reaction  is  strongly  acid ;  the  solution  is  then  precipitated 
with  neutral  acetate  of  lead.  The  washed  precipitate  is  either  collected 
on  a  weighed  filter,  dried  in  the  water-hath,  and  weighed  ;  or  it  is  gently 
Ignited  as  directed  §  53,  and  then  weighed*  For  the  properties  of  the 
precipitate,  see  §  93,  2.     Tlie  results  are  accurate. 

B  c.  J}eiermination  by  fneans  of  (hsaiie  Acid  (after  Vohl). 

^^KWhen  chromic  acid  and  oxalic  acid  are  brought  together,  the  former 

^^^bdA  oxygen  tii  the  latter  :  sesquioxide  of  chromium  is  formed,  and  cai'- 

^^nic  acid  escajws  (2  Cr  O,  4-  3  C,  0,  =  Cr,  O,  +  G  C  O,).      Three  eq. 

I     Cftrbonicacid  (CO)  correspond  accordingly  to  one  eq.  chi-omicacid  (50*24). 

The  modus  operandi  is  the  same  as  in  the  analysis  of  manganese  oi'es 

(§215),      I  part  of  chromic  acid  n*qnires  2  J  parts  of  oxalate  oif  soda.     If 

it  is  intended  to  determine  in  the  residue  the  alkali  which  waa  combinod 

>  oxalale  of  ammonia  is  iiaad. 
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d.  Determination  hy  Volwmetric  Analym, 
a»  ScHWAIUs's  method. 

Tlie  priiaciple  of  this  very  accurate  method  is  identical  with  tliat  tipon 
which  Penny's  method  of  doterminiiig  iix)n  is  based  (§  112,  2,  6).  The 
execTitioii  is  simple  :  acidify  the  not  too  dilute  solution  of  the  chromate 
with  sulphuric  acid,  add  in  excess  a  measuredquantityofsohition  of  prot- 
oxide of  ii'OQ,  the  strength  of  which  you  Iiave  previously  ascertained, 
itccording  to  the  dii-ectiona  of  g  1 12,  2,  «,  or  6,  or  the  solution  of  a  weighed 
quantity  of  sulphat-e  of  protoxide  of  ii^on  and  ammonia,  free  from  sesqui- 
oxide,  and  then  determine  in  the  manner  directed  §  112,  2,  a>,  or  6,  the 
quantity  of  protoxide  of  iron  remaining.  Tlio  diflbrence  shows  the  stmoitnt 
of  iron  that  has  been  converted  by  the  chromic  acid  from  the  state  of  prot- 
oxide to  that  of  Beaquioxide.  1  grm.  of  iron  corrcBponds  to  0-5981  of 
chromic  acid.  To  determine  the  chromic  acid  in  chromate  of  lead,  the 
latter  iii,  after  addition  of  the  snlpliat«  of  protoxide  of  iron  and  ammonia^ 
most  thoroughly  triturated  with  hydrochloric  acid|  water  added,  and  th« 
analysis  then  jiroceeded  with. 
0.  Bunsen's  method.* 

If  a  chromatt^i  is  Ixiiled  with  an  excess  of  fuming  hydrochloric  acid, 
there  ai-e  disengaged  for  every  2  eq.  chromic  acid  3  cq.  chlorine  j  for 
instance,  K  O,  2  Cr  O,  +  7  H  CI  =  K  CI  +  Cr,  01^  +  7  H  O  +  3  CI.  If  the 
escaping  gas  is  conducted  into  aolulion  of  iodide  of  potassium  in  excess, 
the  3  eq.  chlorine  set  free  3  eq.  iodine.  By  determining  the  quantity  of 
the  latter  element  in  the  manner  desciibed  in  §  146,  we  find  the  quantity 
of  the  chromic  acid;  381  of  iodine  corresponding  to  100-48  of  cliromie 
acitl. 

The  analj'tical  process  is  conducted  aa  follows : — Put  the  wei^fhed 
eanqile  of  the  chromate  (say  *3  to  't  grm.)  into  the  little  flask  <l^  fig.  h\^ 
(blown  before  the  lamp,  and  holdijig  only  from  36  to  40  c.  c),  fill  the 

Hask  to  two-thiids  with  pare 
rt  ..^^  fuming  hydrochloric  add 
(free  fiomCl  and  8  0,)  and 
connect  the  bulbed  evolution 
tube  €t  with  the  neck  of  tb 
fiask  by  means  of  a  stout 
tight-closing  vulcanized  ia- 
dia-mbbe  r  tu  be  c.  As  shown 
in  the  engravbig,  a  is'abetit 
pipette,  drawn  out,  at  tlie 
lower  end,  into  an  uptumud 
point.  A  loss  of  chlorine 
neeij  not  be  ajqirehended  on 
adding  the  hydrochloric  acid,  as  the  disengagement  of  that  jt.'us  begins  only 
upon  the  application  of  heat.  Insert  the  evolution  t\il>e  into  the  neck  of 
the  retort,  which  is  one-third  filled  mth  solution  of  io<lide  of  potassium.| 
This  retort  holds  about  IGO  e.  c.  The  neck  prtjsents  two  amail  expiia- 
Bions,  blown  befoi-e  the  lamp,  and  intended,  the  lower  one,  to  receive  thi 
liquid  which  is  forced  up  during  the  operation,  the  upper  one,  to  serve  ai 


Fig.   51. 


♦  Annal  d.  Chem.  ii.  Phaim.  86,  279. 

\  1  part  of  pure  iodide  of  potftsaium.  free  from  iodic  acid,  disftolved  in  10  paitioC 
water.  The  fluid  must  show  no  brown  tint  immediately  after  addition  of  hydbt>* 
chloiio  acid. 


w 


CHROMIC  AOm. 


^9 


I  guard  agamst  spirting.  Apply  boat  now,  catitioualr,  to  the 
Itt  Jidc  After  two  or  three  miimtes'  elmOitionj  the  whole  of  the 
oriiie  has  passed  over^aiid  liberftted  its  equivalent  quantity  of  iodine  in 
» iodide  of  potassium  solution.  Wlien  the  ebullition  is  at  an  end,  take 
d  of  the  wioutchouc  tube  c  with  tlie  left  hand,  and,  whilst  steadily 
Miig  the  lionp  under  the  flask  with  the  right,  lift  a  so  far  out  of  the 
Ott  that  Uie  curved  point  is  in  the  bulb  b.  Now  i*emove  first  the  lamp, 
m  tJbe  flask,  dip  the  retort  in  cold  water,  to  cool  it^  and  shake  the  flxiid 
i%  about  tt>  effect  the  complete  solution  of  the  separated  iodine  in  the 
iMs  of  iodido  of  potassium  solution.  When  the  Huid  is  quite  cold, 
mfer  it  to  a  beaker,  nnsing  the  retort  into  the  beaker,  and  proceed  as 
BCted  §  HG,  The  method  gives  very  satisfactory  results.  Theappa- 
Ubi  here  recommended  diflers  slightly  froni  that  used  by  Bunsen,  the 
ort  of  the  latter  having  only  one  hulbons  expansion  in  the  neck,  and 
evolution  tulje  no  bulb,  being  closed  instead,  at  the  lower  end,  by  a 
nor  caoutchouc  valve,  which  permits  the  exit  of  the  gtis  from  the  tube, 
^  op{ioae6  the  entrance  of  the  lluid  into  it,  I  think  the  modihcaUons 
Icli  I  have  lOAdQ  in  Bunben^s  appfiratuB  are  calculated  to  facilitate  the 
» of  the  oficration. 

H.  Separation  of  Chbomic  Acid  fbqh  tics  Base^ 

Of  TOE  FiRBT  Group 

laoe  the  chromic  acid  aa  directed  in  I.,  and  separate  the  aesqui- 
[of  chromium  from  the  alkalies  as  directed  in  §  1 55. 

the  chromate  of  potassa  or  soda  with  about  2  parts  of  dry 

ed  cliloride  of  ammonium,  and  heat   tlie   mixture   cautiously. 

idue  contains  the  chlorides  of  the  alkali  metals  and  scsquioxide 

f^mium,  which  may  be  separated  by  means  of  water. 

<lv  mutate  of  ammonia  is  reduced  to  sesquioxide  of  chromium  by 

MtM  ignition-     The  ammonia  is  estimated  in  a  sepai^ate  portion  ac- 

A.  Or  THE  8EC03fD  Group. 

foaa  the  compound  under  examination  with  4  part^  of  carbonate 

1  potassa,  and  treat  the  fused  mass  with  hot  water,  which  dis- 

[the  cbrumic  acid  in  the  form  of  an  alkaline  chromate.     The  resi- 

itJiins  tbe  alkaline  earths  in  the  fonn  of  carbonates ;  but  as  they 

alkikli,  they  cjuinot  be  weifjlied  directly.     The  chromic  acid  in  the 

ia  determined  as  in  I.     C-hromate  of  baryta  (and  doubtless  also 

atea  of  strontia  and  Hme)  may,  as  i^hown  by  H,  llosE,*  be 

i  ttjmpletely  deconi[>osed  by  simfde  boiling  with  an  excess  of 

1  of  carbonate  of  {wtansa  or  soda. 

r>lve  in  hydrochloric  acid,  reduce  the  chromic  acid  according  to 

ItiouB  of  1.,  a,  and  separate  the  seaquioxidu  of  chromium  from 

lino  earth  according  to  §  15G. 

pmutu  of  magnesia  as  well  aa  other  chromate  a  of  the  alkaline 

Itiblt?  in  water  may  be  easily  decom])osed  also,  by  determining 

be  acid  acoording  to  I.,  ci,  0,  or  I.,  h,  and  separating  the  mag- 

lin  the  filtrate  from  the  excess  of  the  salt  of  mercury  or  lead 

18162. 


•  Jootn.  t  pnkt.  Chem.  60,  lU. 
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S,  ChTomaies  of  barjia,  strontia,  and  lixne  may  also  be  decompraed  hj 
the  method  describefi  II.,  a,  13.  Compare  Bahr,  analysis  of  bichromate 
of  baryta,  lime,  d«j.* 

c.  Op  the  Third  Group. 
a.  JFVom  Alumhia, 

Precipitate  the  alumina  by  ammonia  or  carbonate  of  ammonia  (§  105), 
and  determine  the  chromic  acid  in  the  filtrate  according  to  the  directions 
given  in  L  (compare  also  §  157). 

0.  JFram  SesquioxiJe  of  Chi'omium. 

aa.  Determine  in  one  portion  the  quantity  of  the  chromic  acid  accord- 
ing to  I.,  r,  or  I.,  d^  a^  or  (3,  and  in  another  portion  the  total  amount  of 
the  chromium,  by  converting  it  all  into  either  sesquioxide  or  chromic 
acid.  Tlie  entire  conversion  of  the  substance  into  Be6(|uioxide  may  be 
effected  either  by  cautious  ignition  with  chloride  of  ammonium,  or  ac- 
cording to  I.,  a,— into  chromic  acid  according  to  §  lOG,  2. 

bb.  In  many  cases  the  chromic  acid  may  be  precipitated  according  to 
I,,  a,  J3,  or  I.,  6.  The  sesquioxide  of  chromiwm  and  suboxide  of  mercmy^ 
or  oxide  of  lead,  in  the  filti*ate,  ara  scparatetl  as  directed  §  162. 

«?.  Tlie  hydrated  compounds  of  sesquioxide  of  chromiiim  with  chromic 
acid,  such  as  are  obtained  by  precipitating  a  solution  of  sesquioxide  of 
chromium  with  a  solution  of  chromate  of  potassa,  &c,,  may  also  be  ani- 
lyzed  by  ignition  in  a  stream  of  dry  air,  the  apparatus,  fig.  25,  p.  45^ 
being  employed.  The  loss  of  weight  of  the  bulb- tube  represeut«  iht 
joint  amount  of  oxygen  and  water  that  have  escaped.  If  the  incremflot 
of  the  Ca  CI  tube  is  deducted,  we  shall  have  the  oxygen.  Kow  eveiy 
3  eq.  oxygen  correspond  to  2  oq,  of  chromic  acid.  The  amount  of  the 
latter  being  thus  calculated,  we  have  only  to  subtmct  its  equivalent 
quantity  of  sesquioxide  from  the  weight  of  residue  after  the  ignition, 
and  the  remainder  is  the  quantity  of  sesquioxide  originally  present. 
VooEL  t  and  also  Stoheh  and  Elliot  J  have  employed  this  method, 

d.  Of  the  Fourth  Ghoup, 

a.  Proceed  as  directed  in  6,  a.  Upon  treating  the  fused  mass  mlli 
hot  water,  the  metals  are  left  as  oxides.  la  the  case  of  manganeae  U»« 
fusion  must  be  efi'ected  in  an  atmosphere  of  carbonic  acid  gas.  Appaw* 
tua,  %  47  in  §  108. 

0,  Reduce  the  chromic  acid  aa  directed  in  I,,  n,  and  separate  the  9^ 
quioxide  of  cliromium  from  the  metals  in  question,  as  dii-ected  in  §  160. 

e.  Of  the  Fifth  and  Sixth  Groups. 

a.  Acidify  the  solution,  and  precipitate,  either  at  once  or  after  pr^ 
vious  reduction  of  the  chromic  acid  by  sulphurous  acid,  with  sulphuitt- 
ted  hydrogen.  The  metals  of  tlie  fiftli  and  sixth  gi*ouj>a  precipitate  ttt 
conjunction  with  free  sulphur  (§§  115  to  127),  the  chromic  aciJ  i* 
reduced,  Flter  and  detenmne  ihe  sesquioxide  of  chromium  in  the  t\' 
trate,  as  directed  in  I.,  «, 

/3,  Chromate  of  lead  may  he   conyeniently  decomposed  by  heatii^ 


*  Joum,  1  prakt  Chem.  60,  00. 

♦  Ibid,  T7,  484. 

I  Frooeedinga  of  the  Ametican  Ao&deoay,  toI.  v. 
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Trith  hydrochloric  acid  and  some  alcohol ;  the  chloride  of  lead  and  ses- 
qfiichioride  of  chromium  formed  are  subsequently  separated  by  meana 
of  alcohol  (compare  §  102).  The  alcoholic  golution  ought  always  to  be 
tefited  with  sulphuric  acid ;  should  a  precipitate  of  sulphate  of  lead  form, 
this  must  be  filtei^ed  ofif^  weighed,  and  taken  into  account  (compare  also 
§130, 1.,  d). 

Supplement  to  the  J^ril  J)iviiion. 
§131. 
L  Selexioits  Acid. 

From  aqueous  or  hydrochloric  acid  solutions  of  selenious  acid,  the  sele- 
nium  is  precipitated  by  sulphurous  acid  gas  or,  in  presence  of  an  excess 
of  acid,  by  sulphite  of  soda,  or  sulphite  of  ammonia.  If  the  solution 
contains  nitric  acid,  thia  must  be  removed  first  by  evaporation  with 
hydrochloric  acid.  The  precipitated  liquid  is  heated  to  boiling  for  ^ 
hour,  which  changes  the  precipitate  from  its  original  red  color  to  black, 
nod  makes  it  dense  and  heavy.  The  liquid  ia  t^ested  by  a  further  addi- 
tion of  the  reagent  to  see  whether  any  more  selenium  will  separate ;  the 
precipitate  is  finally  collected  on  a  weighed  filter,  dried  at  a  temperature 
Bomc^what  below  100°,  and  weighed.  Since  H.  Rose  *  has  shown  that 
liie  presence  of  hydrochloric  acid  is  an  essential  condition  to  the  com- 
plete reduction  of  the  selenious  acid,  the  former  acid  must  be  added,  if 
not  &lre4Mly  present.  To  make  quite  sure  that  all  the  selenium  has 
l»een  removed,  the  filtrate  is  evaporated  to  a  small  volume,  boiled  with 
St  mug  hydrochloric  acid,  so  as  to  reduce  any  selenic  acid  to  selenioua 
acid,  and  tested  once  more  with  sulphurous  acid. 

Aa  rtjgards  the  separation  of  selenioua  acid  from  the  bases,  the  follow* 
Ing  brief  directions  will  sufiice: — 

o.  If  the  bases  are  not  liable  to  be  altered  by  the  action  of  sulphuroua 
ftcid  and  hydrochloric  acid,  the  selenium  may  be  at  once  precipitated  in 
the  way  just  given;  the  filtrate,  when  evaporated  with  sulphuric  acid, 
yields  the  base  as  suljihate. 

b.  From  bases  which  are  not  thrown  down  from  acid  solution  by 
hydrosulphuric  acid,  the  selenioua  acid  maybe  separated  by  sulpliuR*tted 
hydrogen^  Tlie  precijiitate  is,  according  to  H.  Rose,  a  mixture  of  I  eq. 
eelenium  with  2  eq,  sulphur.  If  it  is  dried  at  or  a  little  below  100°, 
the  weight  of  the  selenium  may  be  accurately  ascertained.  Should,  how- 
ever, ejttni  sulphur  be  mixed  with  the  precipitate,  the  latter  is  oxidized 
while  still  moist  with  hydrochloric  acid  and  chlorate  of  potassa,  or  by 
trcmtment  with  potassa  solution  with  simultaneous  heating  and  traus- 
miasion  of  chlorine.  It  is  necessarj^  here  to  oxidise  the  sulphur  com- 
pletely, as  it  m&y  inclose  selenium.  The  Rolution  now  containing  selenic 
acid  is  heated  until  it  smells  no  longer  of  chlorine,  hydrochloric  acid  ia 
added,  and  the  mixture  is  reheated.  The  selenic  acid  is  hereby  reduced 
to  selenious  acid,  and  when  the  solution  has  again  ceased  t^  smell  of 
chlorine,  the  selenium  is  precipitated  with  sulphurous  acicL 

c.  In  many  selenites  or  selenafces  the  selenium  may  also  be  determined, 
by  converting  first  into  sc^enocyanide  of  potassium,  and  precipitating 
the  ar|ueous  solution  of  the  latter  with  hydrochloric  acid  (OppENUEiMf). 

*  Zeitschnft  L  analjt  Chem,  1,  73.  f  Joum  f.  prakt.  Chem.  71,  280. 


To  this  end  ike  substance  i^  mixed  with  7  or  Siimesits  qukntitj  of  ordi* 
hatj  cyanide  of  potassium  (contaitLing  cyanic  add),  Uie  mixture  ia  pnt 

into  a  long- necked  flask,  or  a  {>orcelain  crucible,  covered  with  &  layer  of 
cyanide  of  potassium,  and  fused  in  a  stream  of  hydrogen.  The  tempera- 
tore  is  kept  BO  low  that  the  glass  or  porcelain  is  not  attacked,  and  whib 
cooling  care  must  be  taken  to  exclude  atmospheric  air.  When  cold,  the 
brown  mass  Is  treatc^d  ^nth  water,  and  the  colorless  solution  filtered,  if 
Decenary.  The  liquid  should  be  somewhat  but  not  iuimoderately  diluted. 
Now  boil  some  time  (in  order  to  convert  the  small  quantity  of  selenide 
of  potassium  that  may  be  present  into  selenocyanide  of  potassium  by  the 
excess  of  cyanide  of  potttssiuni),  allow  to  cool,  supersaturate  with  hydro- 
chloric acid,  and  heat  a^ain  for  some  time.  At  the  end  of  12  or  24 
hours  all  selenium  will  have  separated,  filter,  dry  at  100%  and  weigh* 
The  results  obtained  by  this  process  are  accurate  (H,  Rose  *), 

K  the  selenium  agglomerates  together  on  heating,  it  may  inclose  salts. 
In  such  cases,  by  way  of  control,  it  slionld  he  redissolved  in  nitric  acid, 
and,  after  a^ldition  of  hydrochloric  acid,  precipitated  with  sulphurous  acid. 
The  iHmd  filtered  off  from  the  selenious  precipitate  is,  as  a  i-ule,  free  from 
selenium  ;  it  is,  however,  always  well  to  satisfy  one's  self  on  this  point 
by  the  addition  of  sulphurous  acid* 

(I,  From  many  bases  the  selenious  acid  (and  also  the  selenic  acid)  may 
be  separated  by  fusing  the  compound  with  2  paits  of  carbonate  of  Boda. 
and  1  part  of  nitrate  of  potassa,  extracting  the  fused  mass  thoroughly 
by  boiling  with  water,  saturating  the  filtrate,  if  necessary,  with  carbonic 
acid,  to  free  it  from  lead  wliich  it  might  contain,  then  boiling  down  with 
hydrochloric  acid  in  excess  (to  reduce  the  selenic  acid  and  drive  off 
the  nitric  acid),  and  pi*eeipitating  finally  with  sulphuraus  acid. 

Selenium,  if  pure,  must  volatilize  without  residue  when  heated  m  a 
tube. 

2.  Sulphurous  Acid. 

To  estimate  free  Bulphurous  acid  in  a  fluid  which  may  conlttii  lIlO 

other  acids  (suljihuric  acid,  hydrochloric  acid,  acetic  acid),  a  weighed 
quantity  of  the  fluid  is  diluted  w^ith  water,  absolutely  free  from  air,t 
uutil  the  diluted  liquid  contains  not  more  than  0  05  per  cent,  by  weight 
of  sulphurous  acid ;  some  starch-paste  is  now  added,  and  then  staijHsrd 
solution  of  iodide,  until  the  iudide  of  starch  reaction  makes  its  ;i 
ance.  The  reaction,  which,  under  these  cii'cumstances,  takes  jj . 
represented  by  the  equation 

I  +  H  O-hS  0,"H  I+S  Oa  (Buksen), 

1  equivalent  of  iodine  added  corresponds  accordingly  to  1  equivalent  of 
snlpliurous  acid.     Fur  the  details  of  the  process  I  refer  to  §  14C*     lii 
the  case  of  sulphites  soluble  in  water  or  acids,  water  perfectly  free  fronv 
air  is  poured  over  the  substance  under  examination,  in  sufficient  quaa^  | 
tity  to  attain  the  degi'ce  of  dilution  stated  above,  sulphuric  or  hydro-'  I 
chloric  acid  added  in  excess,  and  then  starch-paste  and  solution  of  iodin^H 
as  above.     The  greatest  care  must  be  taken  in  this  method,  to  use,  foi^ 
tlie  pui-pose  of  dilution,  water  absolutely  from  air.  I 

Sulphurous  acid  may  also  be  determined  in  the  gravimetric  way,  h^i 

•  Zeitschrift  f.  aufdyt,  Chem.  1,  T3, 

f  Prepared  by  long-continued  boiling  and  subsequent  cooling  with  esciusioi:^ 
of  air. 
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eonvereion  into  suljilnii-ic  acid,  and  precipitation  of  tlae  latter  wiUi 
bATTtii.,  according  to  the  directions  of  §  132.  This  method  is  especially 
appUcstble  in  the  case  of  sulphites  quite  free  from  siiljihuric  acid.  The 
conver8iau  af  the  sulphurous  into  sulphuric  acid  l8  etfected  in  the  wet 
iPny  best  by  saturating  the  fluid  mth  chh>rine,  and  warming ;  in  the  dry 
way,  by  heating  the  salt,  in  a  platinum  crucibk%  with  i  paits  of  a  mix* 
ture  of  etjual  parts  of  carbonate  of  soda  and  nitrate  of  jjotassa, 

5.   HVPOSULPHUROUS  AciD. 

llyposrtilphurous  acid,  in  form  of  sohible  liyposulphitca,  may  be  deter- 
mineil  by  means  of  iodine*  in  a  similar  way  to  sulphurous  acid.  The 
nsoietion  m  represented  by  the  equation 

2  (Xa  0,83  0,)  +  I=NaO,  S,0,+NaL 

The  salt  under  examination  is  dissolved  in  a  large  amount  of  water, 
-poBte  added,  and  then  solution  of  iodine  until  the  blue  color 
:t^A  itfi  appearance.  That  tbia  metliod  can  give  correct  results  only 
ia  cmaca  where  no  other  substances  acting  up<m  ioiline  are  ju'csent, 
need  hardly  be  mentioned.  In  tlte  case  of  dilute  lluids  the  iT\suhs  do  not 
i-ary,  if  the  fluid  is  acidilicd  before  mldiiig  the  solution  of  iodine,  and 
the  ojieration  proceeded  with  so  quickly  that  no  time  is  left  for  the  free 
hypaaulphurous  acid  to  decompose  into  sulphur  and  sulphurous  acid 
(FlU  MoUR*)-  Hyposulphuroua  may  be  converted  into  sulphuric  acid 
and  then  determined  :  the  process  is  the  same  as  for  sulphurous  acid. 

4,  Iodic  Alid. 

Iodic  acid  may  he  detennined  by  the  following  ettsy  method : — dbtil 
the  acid,  in  the  fi-ce  state  or  in  combination  with  a  base,  with  an  excesH  of 
pure  fuming  liydrocldoric  acid,  in  the  apparatus  described  in  §  130,  t/,  3 
(clirouiic  acid),  receive  the  disengaged  chlorine  in  solution  of  iodide  of 
flHjLPt"'".  dJ^d  determine  the  separated  ioiline  as  directeil  in  §  130,  tf^  |i, 
J|M!Ih|.  iodic  acid  sets  free  4  eq.  chlorine,  and  consequently  4  eq.  iodiiAt\ 
yon' tiavc  to  reckon  ltV7  of  iodic  acid  fu-  r>08  of  iodine.  The  decouq>o- 
jsitian  of  iodic  lu-id  bv  hvdrochloiic  acid  is  represented  by  the  equation 
1  0»  -f  5  n  VI  =  ICl  +  5  H  U  -\-  4  CI  (Bu.vsEN  f). 

5.  Nitrous  Acid, 

Nitix>us  acid  may  be  determined  very  satisfkctorily  with  a  solution  of 
pure  penimuganate  of  {totassa,  provided  the  fluid  be  sufficiently  diluted  to 
pn»vent  the  nitrous  acid,  which  is  libenited  by  the  addition  of  a  stronger 
acid,  being  decomposed  by  water  with  formation  of  nitric  acid  and  nitric 
oxides.  For  1  part  of  anhydrous  nitrous  acid,  at.  lea.st  oOUO  parts  tpf  water 
ihould  be  present.  The  decomposition  is  i*epresent*?d  hy  the  following 
©quatuni ! — f»  KO,  *f  2  Mn,  U^  =^  5  N  i\  -f  4  Mu O.  If  the  permanganate 
bt  with  iron  dissolved  to  protoxide,  4  eq,  iron  L-orrespond  to 

1  t  both  of  tliese   require  2  eq.  oxygen.     Nitrites  are  dis- 

tuilvmi  in  my  ^Itjhth/  acidulated  water,  the  permanganate  is  addi'il  till  the 
oxidation  of  the  nitrous  acid  is  nearly  eonqileted,  the  snlution  is  then  made 
atroQgly  acid,  and  Anally  permanganate  is  added  to  lii(ht-red  coloration. 

To  daterraiue  hyponiliie  acid  in  red  fuming  nitric  acid,  transfer  a  few  c,  c. 
to  about  500  c.  c.  cold  pure  distilled  water  with  stirring,  and  di^termine  tho 

♦  Lehrbnch  der  Titrirmothorle,  Nachtrage,  S,  8S4. 
'    "    niem.  u.  Fhann.  eO,  285. 
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nitroTia  acid  produced.  1  eq.  nitrous  acid  found  corresponds  to  2  eij.  hypo- 
nitric  acid,  for  the  latter — when  mixed  with  such  a  large  quantity  of  water 
aft  is  indicated  above — is  deeorapost^d  in  accordance  with  the  following 
equation :— 2  N  O,  +  2  H  O  =  HO,  NO^  -f-  HO,NO,  (Sio.  FELi>HALa  *). 
As  regards  the  estimation  of  nitrous  acid  with  binosdde  of  lead,  coiiip, 
op,  cit.  p.  431 ;  also  Lairg's  observations,  idetn,  p.  484. 

Becond  Divmon  of  tlie  J^irst   Group  of  the  Acids^ 

Sci*FHUKic  Acid;   (1  ly drofluosilicic  Acid), 

§  132. 

Sulphuric  Acid, 

I.    DETERinXATIOy. 

Sulphuric  acid  is  usually  determined  in  the  gravimetric  way  aa  stdphai^^ 
of  baryta.     The  a^id  may,  however,  he  estimated  also  by  certain  yoI^^H 
metric  methods,  based  upon  the  inHolubility  of  this  salt  (and  the  aolphate 
of  lead), 

L    Gravimetric  Method. 

Add  t*?  the  sufBciently  dilute  solution,  if  necessary,  some  hyd 
acid  to  acid  i-euctiou^  heat  to  near  ebullition,  add  chloride  of  1  ^^ 

slight  exces-s,  and  proceed  as  dii'ected  g  1  f)  1 ,  1 ,  a.  The  washing  is  alwaj 
best  eJfected  by  decitntiition  fii-st.  Should  the  anal}^ed  solution  contaial 
nitric  acid,  some  nitiatti  of  baryta  is  likely  to  precipitate  in  conjunctio 
with  the  sulphate;  the  removal  of  this  adudxture  of  nitrate  of  baryta^ 
from  the  precipitate  ref|uu"eH  proti-actod  waRhing  Tvith  hot  water.  It  is, 
under  all  circunii*tances,  necessary  to  continue  the  washing  of  the  jinv 
eipitate  until  the  last  wui^hings  remain  perfectly  clear  upon  testing  witli 
sulphuric  acid.  In  cases  where  perfect  accuracy  is  desii'able  I  would  ns- 
comnnjiid  the  following  proceeding,  A  fter  igniting  the  precipitate  aoconi- 
ing  to  the  dirt^ctions  of  §  53,  and  weighing,  moisten  it  with  a  few  drops 
of  hydrorhloric  acid,  add  hot  water,  stir  with  a  very  thin  glaiis  rod  omitli 
a  jdatiiivim  a\  ire,  rinse  the  rod  or  wii'e^  and  warm  gently  for  some  time. 
Four  the  almost  clear  fluid  on  to  a  small  filter,  and  test  the  filtrate  wiili 
sulphuric  acid.  If  this  produces  turbidity  or  a  precipitate,  which  is  a 
sign  tliat  the  sulphate  contains  on  admixture  of  another  barytA  salt.,  wash 
the  residue  again  with  hot  water,  until  the  waahLngs  ai*e  no  longer  i 
ilered  turbid  by  sulphuric  acid.  I>r\'  now  the  precipitate  in  thecrucibU 
together  with  (he  small  filter,  burn  the  latter  on  the  lid,  heat  to  re<lne 
ami  weigh.  If  the  sulphuric  acid  has  been  precipi tilted  from  a  solutio 
containing  much  nitric  acid  or  mtich  alkaline  ssdt,  the  testing  of  tl 
ignited  pi>?cipitate  is  not  merely  to  be  recommended,  but  it  is  absolute!^ 
necessar3%  since  in  such  ea.ses  it  is  by  no  means  unlikely  that  the  sulphate 
of  barj^ta  will  contiun  1  per  cent,  or  more  of  nitrates  of  baryta  or  alkaline 
«idt.  The  I'esults  are  not  always  so  exact  aa  used  to  be  believed.  If 
precipitated  in  very  acid  solutions  a  little  of  the  sulphate  of  baiyta  remains 
dissolved.  If  precipitated  in  \QYy  saline  solutions,  on  the  other  hand,  the^ 
results  are  generally  too  high,  since  it  m  difficult  in  this  case  to  obtain  iw 
pure  prcei|dtate. 

The  sulphate  of  baryta  has  a  great  tendency  to  carry  salts  (especdaU^"^ 

♦  £©itsohrift  f.  wialyt.  Chem.  1,  426. 
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^trates  and  chlorides)  down  with  it,  which  cannot  he  removed  at  all  by 
^VKsliitig,  and  are  removed  but  imperfectly  often  when  the  ig;nited  precipi- 
"late  is  treated  with  hydrochloric  acid  and  water,*  Fr.  8tolba  f  recom- 
mends treatment  with  a  solution  of  acetate  of  copper  forthepurilication  of 
impure  sulphate  of  baryta,  and  demonstrate^j  the  accuracy  of  his  process 
by  numerous  analyses,  which  were  performed  purposely  under  disadvan- 
tageous cii^cumstances,  i.e.,  in  the  presence  of  much  alkali-  and  barvta- 
salt.  The  solution  of  acetate  of  copper  is  prepared  from  the  crj^stallized 
salt  of  the  shops ;  if  it  contain.s  no  sul]>huric  acid,  add  2  dro}is  of  the 
dilute  acid.  Dissolve  it  wdth  addition  of  a  little  acetic  acid  in  hot  water, 
^d  a  few  drops  of  solution  of  cliloride  of  barium,  enough  to  give  a  slight 
baryta  reaction,  boil  a  fihort  time  and  filter.  The  solution  on  cooling  de- 
posits crystals  ;  the  supernatant  cold  saturated  solution  is  employed.  The 
small  addition  of  chloride  of  barium  to  the  solution  of  copper  containing 
a  little  sulphuric  acid,  is  for  the  purpose  of  incapacitating  the  fluid  for 
taking  up  any  sulphate  of  baryta,  by  saturating  it,  so  to  speak,  with  that 
substance. 

After  the  precipitation  of  the  sulphuric  acid  has  been  effected  in  the 
usual  manner  in  the  fluid  acidified  with  hydrochloric  acid  and  the  precipi- 
tate has  been  washed  by  decantation  combined  with  filtration,  till  the 
filtrate  ceases  to  give  a  reaction  for  baryta  and  chlorine  (at  least  for  baryta), 
trettt  the  precipitate  still  in  the  beaker  with  40  or  50  c-  c.  of  the  coj)i)er 
Bolution,  add  some  water  and  acetic  acid,  and  digest  at  a  temjieraf  ure  near 
tbo  boiling  point  for  10  or  15  minutes,  with  constant  agitation.  The 
tic  acid  added  should  be  sufhcient  to  prevent  the  prccij>itation  of  basic 
during  this  opci-ation.  If,  notwithntanding  the  precaution  taken,  basic 
is  prerii»it4ited,  it  must  he  redisaolved  by  addition  of  acetic  acid  (not 
rochloric  acid).  After  the  precipitate  has  heen  liltered  oti'  and  wa.shed 
with  hot  water,  ilroi*  a  few  drops  of  hydrochloric  acid  on  it,  continue 
wiLvlilnL'.  la.stly  dry,  ignite,  and  weigh, 

I  e  of  bai*y ta  may  be  puritied,  when  its  hulk  is  not  too  large,  by 

di ii-^  111  the  crucible,  after  ignition,  in  pure  concentrated  and  hot 

sulphuric  acid.      On  diluting  copiously  with  water,  the  sulphate  sepa- 
rates and  imiy  be  waslied  with  hot  water.  J  J 

2.    Vfdunt^ttlc  Methods, 

a»  Aib/r  Carl  ilo^iTi,^  ^lake  a  standaril  solution  by  dissolving  I  eq. 
(iV.,  12r9G  grm»)  pui-e  cystallized  chloride  of  barium  (Ba  CI  4-  ^  a-tf) 
to  1  litre.  Add  to  the  fluid  to  be  examined  for  sulphuric  acid — which, 
Hhonid  it  contain  much  free  acid,  is  previously  to  be  nearly  neutralized 
with  pure  carbonate  of  soda — a  measured  quantity  of  this  solution,  best 
a  round  numljer  of  cubic  centimetres,  in  more  than  sulHcient  proportion 
to  precipitate  the  sulphuric  acid,  but  not  in  too  great  excess.  Digest  tlie 
Kaixture  for  some  time  in  a  warm  place,  then  precipitate,  M'ithout  pi-ev^ious 
filtration,  the  excess  of  chloride  of  barium  with  carbonate  of  ammonia 
and  a  little  caustic  ammonia,  filter  off  the  precipitate  consisting  of 
solphatc  and  carbonate  of  bnryta,  wash  until  the  water  running  otf  acta 
na  longer  ujxjn  sensitive  red  litmus  paper,  and  then  determine  the  carbo* 

•  Comp.  Zeitschrift  f.  analyt.  Chem.  t,  80. 

f  Ding,  polyt  Journ.  1(18,  43  ;   Zeit«chrift  f.  analyt.  Chem.  2,  890. 
\  [The  lid.  cannot  mune  tbo  originator  of  this  method,  having  mislaid  his  lefo* 
tcnce.] 
%  AnnaL  d,  Chem.  u.  Pharm,  EK),  165. 
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Bate  of  baryta  in  the  precipitate  by  the  alkalimetric  loethod  giTen  j 
§  2 10.     By  deducting  tbe  quantity  of  batjta  found  in  tlie  state  of  carb 
Bate  from  tb^t  corresponding  to  tbe  cbloride  of  barium  added,  you  1 
tbe  amount  of  baryta  equivalent  to  tbe  sulpbiuic  acid  present,     Sapp 
you  bave  added  to  the  fluid  under  examination — 

10  c,  c.  of  cbloride  of  barium  solution  =  0'765  Ba  O, 

and  found,  at  tbe  end  of  tbe  process, 

0-300  of  carbonate  of  baryta  =  0'2S3       ** 


the  remainder,  0*532  Ba  O, 

will  give  you  tbe  quantity  of  the  sulphuric  acid  by  means  of  tbe  pi 
portion : 

76-5  ;  40  : :  0-532: a:;  x=0^27B  (S  O^). 

This  calculation  may  be  considerably  simplified,  by  efitimating  tbe 
bonate  of  baryta,  as  stated  in  §  210,  by  means  of  a  normal  solution 
nitric  acid  ;  of  which  it  consequently  takes  a  volume  equal  to  that  of 
cbloi-ide  of  barium  solution  to  neutralize  the  carbonate  of  baryta  preci] 
tated  from  the  latter,  if  no  sulphuric  acid  is  present;  if,  on  the  other  h; 
that  acid  is  present,  less  of  the  nitric  acid  solution  is  required,  tbe  different 
expressing  the  quantity  of  sulphuric  acid.     In  the  above  example  it  took 
304  c.  c.  to  neutrali2e  the  carbonate  of  baryta  formed ;  deducting  these 
from  the  10  c.  c.  used,  we  have  left  6*96  c.  c. 

1000  :  6-96  : :  40  :  X ;  ai=  0*278  (S  O,). 

The  results  of  tliis  method  are  quite  satisfactory,  if  the  solution  does 
not  contain  too  much  free  acid  ;  but  m  presence  of  a  large  excess  of 
free  acid,  the  action  of  the  salt  of  ammonia  will  retain  carbonate  of 
bar^'ta  in  solution,  which,  of  course^  will  make  the  amount  of  sidphunc 
acid  appear  hiuher  than  is  really  the  case.  That  this  method  i»  alto- 
gether iimppiicuhle  in  presence  of  phosphoric  acid,  oxalic  acid,  or  any^ 
other  acid  precipitating  Imr^i^a  salt  from  neutral  solution.^,  need  hardly  b» 
mentioned. 

L  After  K  Wildekstein  (second  process  ♦).  Of  all 
the  metlrods  for  the  volumetric  estimation  of  sulphuric 
acid,  tlio  .simplest,  and  that  which  is  capable  of  the  most 
genenil  application,  is  to  drop  into  the  solution  con-* 
(  taining  excess  of  hyih'oehloric  acid,  standard  chloride  or 
barium  solution,  till  the  exact  point  is  reached  wheti- 
no  more  preci piUition  takes  place.  This  point  is  diffi- 
cult to  liit,  and  hence  the  metbod'has  only  found  &  very" 
limited  use. 

WiLDENSTEiN  has  given  this  method  a  practical  fomm. 
which  renders  it  possible  to  com|»letean  unalynLs  in  uhou& 
half  an  hour,  and  at  the  same  time  to  obtain  satisfactory^  I 
results,  He  employs  the  appaiiitus,  fig.  C8.  ^1  is  |»J 
bottle  of  white  glass  whoso  bottom  has  been  removad^^M 
it  contains  IKJO^ — 950  c.  c.  li  is  a  strong  funnel  tub^  '^ 
with  bell-Bhftf>ed  funnel,  and  bent  as  shown,  j^rovided  Ijelow  "with  ^^ 
piece  of  india-rubber  tube,  a  screw  compression-cock,  and  a  small  piec  ■I 

*  Zeitfichiift  1  analyt.  Chem.  1,  432. 
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of  tubing  not  drawn  out.  The  lon^^h  from  c  to  d  m  about  7^-8,  from 
d  to  B  about  12  cm.  The  opeiuDg  of  the  f iinnel-tube  ^  wliich  maj  with 
advantage  have  a  diameter  of  2^5  to  3  cm.  is  covered  as  follows  : — Take 
a  piece  of  fine  new  wooUeu  stuii*  or  muslin,  free  from  Kul|>hiu  ic  acid, 
■nd  about  0  cm.  8<^uare,  lay  on  it  two  jiiecea  of  Swedish  imper  of  the 
aame  sire,  and  theu  another  piece  of  stutT  like  the  first,  now  hind  these 
all  together  over  the  opening  /*  carefully  and  without  injuring  the  paper, 
by  nieauR  of  a  strong  linen  thread  which  has  been  dra^^Ti  a  few  times 
over  wax,  and  cut  it  off  even  all  round.  We  have  now  a  small  syphon- 
filter,  which  enables  us  to  filter  otl  a  portion  of  fluid  contained  in  A^  and 
turbid  from  sulphate  of  har^i^a,  cleai*  and  with  comparntive  nipidity. 

On  gradually  adding  chloritle  of  hariiini  to  the  dilute  acid  jtolution  of 
a  sulphate  a  point  occurs  which  may  be  compared  to  the  neutral  point 
in  precipitating  hilver  with  chloride  of  sodium  (see  p.  211);,  i\  e,^  there 
b  a  certain  moment,  when  a  portion  filtered  off  will  give  a  turbidity 
botli  w^th  sulpbuTic  acid  and  chloride  of  barium  after  the  lapse  of  a  few 
minutoa.  *>n  tlds  account  we  nnist  either  proceed  on  the  piincijtle 
recommendid  for  the  estimation  of  silver,  L  <*.,  disregarding  the  quantity 
of  chloride  of  barium  in  the  sohiiion,  to  standai^ize  it  by  adding  it  to 
a  known  amount  of  a  sulphate,  till  a  precipitate  ceases  to  be  formed  ;  or 
elae  we  must— and  WlLDENSTEiN  recommends  this  latter  course— con- 
sider as  the  end-point  of  the  reaction  the  point  at  which  chloride  of 
barium  ceases  to  produce  a  distinctly  visible  precipitation  in  the  clear 
Eltrate  after  a  lapse  of  two  minutes. 

The  chloride  of  barium  solution  is  prepared  by  dissolving  61  gnn.  Ba  CI 
-4-  2  aq.  in  a  liti-e  of  water  ;   1  c.  c.  corresponds  to  *02  sulphniic  acid. 

First  prepare  the  solution  of  the  suljthate  to  be  analyzed  (using 
about  3  or  4  grm,),  then  fill  A  with  warm  water,  open  the  cock  with 
the  screw  or  by  the  aid  of  a  glass  rod,  and  wait  till  the  syjjhon  H  is 
quite  full  of  water.  If  the  water  runs  down  the  tube  c  e  without  tilling 
it  entirely^  close  ajid  open  the  cock  a  few  times,  and  this  inconvenience 
will  be  removed.  (It  is  not  allowable  to  Buck  at  ^,  or  to  till  the  Siyphon 
with  the  wash-l:>ottle  at  *,  as  either  proceeding  would  inevitably  lead  to 
injuring  the  filter,)  Now  close  the  cock  and  pour  out  the  warm  water, 
replaee  it  by  400  c,  c,  of  boiling  water,  add  the  ready-prepnied  solution 
of  the  sidphate^and  a  suitable  quantity  of  hydroeldoric  acid,  if  necessary, 
Mid  run  in  the  chloride  of  barivim  solution,  at  first  in  rather  large  por- 
tions, at  last  in  -J  c.  c.  Before  each  fresh  addition  of  chloriile  of  baiium 
o|»eQ  the  cock  and  allow  rather  more  liquid  to  flow  into  a  beaker  than 
corresponds  to  the  content*  of  the  syphon.  This  quantity  should  be  pre- 
viously ascertained,  and  a  mark  indicating  it  made  on  the  beaker.  Now 
ciosfi  tlie  cock  and  pour  the  filtrate  witliout  loss  back  into  v4.  (As  the 
beaker  is  used  over  and  over  again  for  the  wime  purpose  it  need  not  be 
rinsed  out,)  Now  run  some  of  the  fluid  into  a  tent  tube,  so  as  to  one- 
tliird  fill  it,  a<id  to  the  cleiu*  flidd  2  dn»ps  of  diloride  of  barium  from  the 
bujiette  and  shake.  If  a  precipitate  or  turbidity  is  produced  return  the 
|*ortion  to  the  main  quantity.  Tlie  experimeut  is  tiuihhed  when  tlie  last 
portion  tested  shows  after  the  la]T8e  of  exactly  two  ndnutes  no  distinctly 
viaible  turbidity-  The  drops  of  chloride  of  barium  used  for  the  last 
testing  are  of  coui-se  not  reckoned.  The  slight  error  involved  from 
the  fact  that  the  small  quantity  of  fluid  in  the  syphon  is  finally  unacted 
on^  is  too  small  to  be  noticed.  During  the  exi»eriuient  the  filter  must 
not  bo  injured  hy  the  stirring.     In  case  the  point  has  been  overstepped, 
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add  1  c  c.  of  dilute  sulphuric  acid  (equivalent  to  the  chloride  of  Imrittm) 
to  Af  and  endeavor  to  hit  th©  end-point  again.     Here  I  c.  c.  will  have  til 
be  subtracted  irom  the  c.  c,  of  chloride  of  barium  used. 

The  results  obtained  by  Wildexsteix  are  of  sufficient  accuracy  for  ^ 
technical  purposes.      Some   experiments  made  in  my  own  laborai 
were  also  quite  satisfactory. 

n.  Separation  of  Sux^phitric  Aciu  fbom  thb  Bases. 

a.  From  those  Ba&es  with  which  the  Acid  foiims  CoMFocrKi»a  solu- 
ble IN  Water  or  in  H  ydrochloric  Acid. 

Precipitate  the  sulphuric  acid  as  in  I.  The  filtrate  which  contAina^l 
besides  the  bases  originally  combined  with  the  sulphuric  acid,  also  thol 
excess  of  the  chloride  of  barium  used,  is  treated  by  the  methods  given  iitl 
Section  V.  to  eflfect  the  separation  of  the  bases  in  question  from  baryta»l 

6.  From  those  Bases  with  which  the  Acid  forus  Compounds  in*| 

SOLCBLE  OH  DIFFICULTLY  SOLUBLE  IN  WaTEROR  IN  HYDRDCHLOEta I 

A  cm, 

a.  J*\^m  J^ari/ta^  StrontiOf  and  Xdme. 

Fuse  the  finely  pulverized  compound  under  exainination  in  a  pla- 
tinum crucible,  with  r>  parta  of  mixed  carbonates  of  soda  and  potossa.   Put 
the  crucible,  with  its  contents,  into  a  beaker,  or  into  a  platinum  or  poM 
celain  dish,  pour  water  over  it,  and  apply  lieat  until  tlie  alkaJine  suUl 
phates  and  csirbc^nates  are  com] iletely  dissolved  ;  filter  the  hot  solutioa  1 
from  the  residuary  carbonates  of  the  earths,  wash  the  latter  thoroughly 
with  water,  to  which  a  little  ammonia  and  carbonate  of  ammonia  has 
been  addcti,  and  determine  according  to  §§  101  to  lOS,     If  the  precipi- 
tates have  been  well  washed,  it  is  perfectly  admissible  to  ignite  and 
weigh  at  once.     Precipitate  the  sulphuric  acid  from  the  filtrate,  as  in  I. 
Finely  pulveiixed  sulphate  of  lime  and  sulphate  of  strontia  may  be  com- 
pletely decomposed  also  by  boiling  with  a  solution  of  carbonate  of  pota»-J 
sa;*  the  same  process  wdl  answer  also  for  suljjhate  of  baryta;  but  the 
operation  is  far  more  difficult,  and  complete  decomposition  is  efiecte " 
only  by  boiling  the  precipitate,  after  deeariting  the  fluid  repeatedly  witl 
an  excess  of  solution  of  carbonated  alkali  { H.  Rose  f ),    [  j^ulphate  of  Um^ 
may  be  dissolved  in  moderately  dilute  hydrochloric  acidj  and  the  sul— 
phuric  acid  precipitated  with  chloiide  of  baiium*] 

^.  J^rom  Oxide  of  Lead. 

The  simplest  way  of  ejecting  the  decomposition  of  sulphate  of  leafl 
consists  in  di/resting  it,  at  the  common  temperature,  with  a  solution  of 
bicarbonate  of  soda  or  potasaa,  filterriig,  washiog  the  precipitate,  deter^ 
mining  the  sulphuric  acid  in  the  filtrate,  as  in  I.,  dissolving  the  precipi- 
tate, which  contaiDS  alkali,  in  nitric  acid  or  acetic  acid,  and  determin- 
ing the  lead  in  the  solution  by  one  of  the  methods  given  in  §  162. 

Presence  of  strontia  and  lime  necessitates  no  alteration  in  thi^ 
method  ;  but  if  baryta  also  is  present,  and  it  is  accordingly  necessary  t*^ 
ignite  \  the  mixture  with  carljonated  alkalies  (or  to  boil  repeatedly 
with  fresh  portions  of  solution  of  the  same),  a  small  portion  of  lead  al— 
ways  remains  in  solutioi^  in  the  alkaline  fluid ;  this  must  be  precipitatoil^ 
by  passing  carbonic  acid  before  filtering. 

*  Carbonate  of  aoda  does  not  answer  ui  well. 

I  Joizra.  f.  prakt  Chf^m.  64,  382,  and  05,  310. 

%  This  ignition  m  moat  safely  effected  in  a  porcelain  crucible. 
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SuppiUmeni  to  tk^  Second  Division, 

§  13a* 

HYDBOfXUOSlLICIC   AciD, 

If  you  have  hydrofluosilicic  acid  in  solution,  add  sohilion  of  chlorido 
potiasium^  or  chioride  of  sodium,  then  a  volume  of  strong  alcohol 
[tud  to  the  fluid  present,  collect  the  precipitated  ailicofluoride  of  potas- 
mum  or  sodium  on  a  weighed  filter,  and  wash  with  a  mixture  of  equal 
▼oltunes  of  spirit  of  wine  and  water.  Dry  the  washed  precipitate  at 
100%  flJid  weigh.  Mix  the  alcoholic  filtrate  with  hydrochloric  acid, 
evmpor&te  to  dryness,  and  treat  the  residue  with  hydrochloric  acid  and 
water.  If  this  leaves  an  undissolved  residue  of  silicic  acid^  this  is  a  sign 
that  the  examined  acid  contained  an  excess  of  silicic  acid ;  the  weight 
of  the  residue  shows  the  amount  of  the  excess, 

BiUoofluoride  of  potassium  has  the  formula  K  Fl,  Si  FL,,  silicofluonde 
of  sodium,  Na  Fl,  Si  FL,  Both  compounds  are  anhydrous  at  IDO*. 
They  dissolve  with  ditficulty  in  water,  and  are  insoluhle  in  dilute  spirit 
of  wine.  The  analysis  of  silicofluorides  of  metals  is  best  effected  hy  heat- 
ing in  platinum  vessels,  with  concentrated  sulphuric  acid ;  11  uo ride  of 
silicon  and  hydrofluoric  acid  volatilize,  the  bases  aixs  left  behind  in  the 
form  of  sulphates,  and  may,  in  many  cases,  after  volatilization  of  the  ex- 
cess of  sulphuric  acid,  be  weighed  as  such.  If  the  metallic  silicofluo- 
rides  to  be  analyzed  contain  water,  mix  them  most  intimately  with  6 
parts  of  recently  ignited  oxide  of  lekd  (II,  Rose),  cover  the  mixture,  in 
a  small  retort,  with  a  layer  of  pure  oxido  of  lead,  weigh  the  retort,  heat 
cautiously  until  the  contents  begin  to  fuse  together,  remove  the  aque* 
ous  Taper  still  remaining  in  the  vessel  by  suction,  and  weigh  the  retort 
■gsin  when  cold.  The  diminution  of  weight  shows  the  cjuautity  of  water 
exiielleiL  Do  not  neglect  testing  the  drops  of  the  escapuig  water  with 
litmus  paper ;  the  result  is  accurate  only  if  they  have  no  acid  I'eacfcion ; 
compare  §  35,  p. 


SPhosfhoeic  Acid — Boracio  Acid — Oxalic  Acid — ^IIydeofluoric 
Acid. 
Trib 
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PnosPDORic  Acid. 


I.  Determination. 


great  variety  of 
be  effected  have 


Tribasic  phosphoric  acid  may  be  determiuod  in  a 

tya.     The  forms  in  wliich  tliis  determination  may 

m  given  already  in  §  93,  4.  The  most  appropriate  forms  for  the  pur- 
pom,  however,  are  ptfrophospfmie  of  maf^nesia  and  pho9f}hate  af  stm^ui- 
oagicU  ofwmnvum^  because  they  are  in  themselves  well  worthy  of  recom- 
nusadatioa  and  can  he  employed  in  almost  all  cases.  The  determination 
as  pyrophosphate  of  magnesia  is  frequently  preceded  by  precipitation  in 
another  way,  especially  as  phospho-molybdate  of  ammonia,  occasionally  aa 
phosphate  of  binoxide  of  tin.     The  other  forma  in  wldch  phosphoric 
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acid  may  be  determined  give  dso,  in  part,  very  good  resuliBj  but  adnalt 
OQly  of  a  more  limited  appllcauon. 

With  regard  to  meta-  and  pyro-phosf^horic  acids,  I  have  simply  to 
remark  here  that  these  acids  oannot  be  determined  by  any  of  tJte 
methods  given  below.  The  best  way  to  effect  their  determination  is  to 
convert  them  into  tribaaic  phosphoric  acid  ;  as  follows  : — 

a.  In  Ui€  dry  wai/.     By  protracted  fusion  witli  from  4  to  6  parts  of 

I  mixed  carbonates  of  soda  and  potassa.     Tliis  method  is,  however,  appli- 

Msable  only  in  the  case  of  meta-  and  pyro-phosphates  of  the  alkalies,  and 

^  those  meta^  or  pyro-phosphates  of  metallic  oxides  which  are  completely 

lecomposed  by  fusion  with  alkaline  carbonates  ;  it  fails,  accordingly,  fur 

instance,  with  the  salts  of  alkaline  earths,  magnesia  excepted. 

/3.  In  the  wet  wai/.  The  salt  is  heated  for  some  time  with  a  strong 
acid,  best  with  concentrated  sulphnric  acid  (Webeb*).  This  method 
leads  only  to  the  attainment  of  approximate  results,  in  the  case  of  all 
salts  whose  bases  form  soluble  compounds  with  the  acid  added,  Kince  in 
these  cases  the  mota-  or  pyro-i>hosphoric  acitl  is  never  coniplct-ely  liber- 
ated ;  but  the  desired  result  may  be  fully  attained  by  the  use  of  any 
acid  which  forms  insoluble  compounds  with  the  bases  present.  Respect- 
ing the  partial  conversion  in  the  former  case,  I  have  found  that  it  ap- 
proaches the  nearer  to  completeness  the  greater  the  quantity  of  free  acid 
abided,  f  and  that  the  ebullition  must  be  long- continued  (comp.  Bxpt, 
No.  3fl). 

It  must  be  borne  in  mind  that  tribasic  phosphoric  acid  changes,  at  a 
t<^mpel•^lture  still  below  1  bU^,  to  pyro-phosphoric  acid ;  thus,  for  instance, 
upon  eviiporatiiig  common  phosphate  of  soda  with  hydrochloric  acid  in 
exoeas,  and  drying  the  residue  at  1 5U^,  we  obtain  Na  01+ Na  Q,  H  O,  P  O^ 

a.  Determination  as  Phospltate  of  Ltad, 

Proceed  as  with  arsenic  acid,  §  127,  1  (t.*^t,  evaporate  with  &  weigliefl 
quantity  of  oxide  of  lead,  and  ignite).  This  method  [jresupposes  thttt  no 
other  acid  is  present  in  the  aqueous  or  nitric  acid  solution  ;  it  has  this 
great  advantage  that  it  gives  correct  residts,  no  matter  whether  the  phos- 
phoric acid  prewerit  is  mono*,  hi-,  or  tribasic. 

h.  DHermination  as  Pi/rophmphate  of  Magnesia, 
a,  IHrect  deterviimttion  (suitable  in  all  cases  in  which  it  is  quite  certain 
that  the  acid  is  present  in  the  tribaaic  state,  either  free  or  combined  with 
an  alkali). 

Add  to  the  solution  a  clear  mixture  of  sulphate  of  magnesia,  chloride 
of  ammonia ni,  and  ammonia  (see  g  52,  6),  as  long  as  a  ]>rocipitate  coniiimes 
to  form  ;  should  the  solution  not  yet  evolve  a  strong  amnionincii]  odor^add 
Rome  more  ammonia ;  let  the  mixture  stand  1 2 — 24  hours,  without  appljring 
heat,  the  glass  being  covered,  filter,  wash  the  crystalline  ju'ecipitate  with 
a  mixture  of  3  parts  of  water  and  1  part  of  solution  of  tmimonia,  until  the 
washings,  after  the  addition  of  nitric  acid,  are  no  longer  rejidered  turbid 
by  nitrate  of  sOver,  and  proceed  afterwards  exactly  as  directed  in  8  104,  2. 
Tlie  results  arc  very  accurate  (Expt.  No.  89).  The  loss  sustained  from  the 
slight  solubility  of  the  basic  phosphate  of  magnesia  and  ammonia  is  very 
trilling  (Expt.  No.  32),  and  may  even  be  altogether  oorreoiod  by  measuiing 
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♦Pogg.  Amiifcl  73,  137. 

f  There  are,  however,  other  conflidemtions  which  forbid  going  too  for  in  Ibis 
respect. 
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fhefiltjute,  and  adding  for  every  «54  c.  c.  0*001  grm.  pyrophosphate  of 
mgnesufc.  For  the  properties  of  the  precipitate  and  r*«idue,  see  8  74. 
If  the  solution  contains  pyrophosphoric  acid,  the  precipitate  is  flocculent, 
uui  dissolves  in  ammoniated  water  (Webkr), 

jS.  Imiirect  determitUMiion,  with  previous  precipitation  as  pkoffpho- 
^rJ ''*'>/-  *^^famnwfiiaj  Sojotekschein.*  (Applicable  in  oil  caaes  in  which 
til  'ric  acid  is  present  in  the  tri basic  state*,  even  in  ]>resence  of 

b1'  I  ths,  alumina,  sesquioxide  of  iron,  k^..     Tartaric  acid,  however, 

k!  ly  acting  organic  substances  must  be  alisent.) 

'   '  iium  solution  descrilied  in  the  "  Quiil  Anfil.,"  p.  66,  is 
t'T  precipitant.  The  fluid  to  bt?  examines  I  for  |>hosj)horic  acid 

fibovLLd  Ij-^  CO  11  cent  rated,  it  may  contain  free  nitric  acid  or  sulphuric  acid. 
Hydmohlortc  acid  and  chlorides,  if  present,  must  be  removed  by  rf*f»eated 
c^  i  with  strong  nitric  acid*     Transfer  it  to  a  Waker  and  add  a 

c«  , ^ quantity  of  the  molybdenum  solution, — about  4 0  parts  molyb- 

d:  ist  be  added  for  every  I   part  phosphoric  aci tl, — stir,  without 

i4:» w  _  1*  sides,  and  keep  covered  12  or  24  hours  in  a  warm  place  (not 
EottcT  than  40^).  Then  nitmove  a  jiortion  of  the  clear  sujierna tan t  fluid 
with  a  pipette,  mix  it  with  an  equal  volume  of  molyljHlenum  solution,  and 
allow  it  to  stand  some  time  at  40"^.  If  a  further  i)reci|>itAtion  takes  ^)lace, 
return  the  portion  to  the  main  quantity,  add  more  mulybdenum  solutiou, 
allow  to  stand  again  12  to  24  lioui'sand  test  again. |  WT^ien  coniiilete  pre- 
cipitation has  been  effected,  transfer  the  precipitate  to  a  small  filter,  remove 
the  rest  from  the  beaker  by  means  of  portions  of  the  filtrate,  and  wash  the 
precipitate  with  a  mixture  of  1 00  parts  of  molybdenum  sol  ut  ion,  20  of  nitric 
aeid^  sp.  gr.  1*2,  and  80  of  water,  which  should  be  dropped  on  in  small 
qoantities.  Then  dissolve  the  precipitate  in  ammoTua  on  the  lilter,  wash 
the  latter,  ncutnilize  a  portion  of  the  ammonia  in  the  filtrate  witli  hydro- 
dduric  acid  (the  solution  must  of  coui'se  still  I'emain  strongly  ammouiacid 
aiDd  clear),  and  precipitate  with  magnesia  mixture  (compai-e  a).  Tho 
restilts  are  acicurate. 

Aadiisi  method  requires  so  large  a  quantity  of  molybdiciicid,  it  is  usually 
to  only  in  caaes  whore  methods  h^  a,  and  c  are  inapplicable  j  and 
amount  of  phosphoric  acid  in  the  quantity  of  substance  taken  to  operate 
Qpan  is  not  allowed  to  exceed  0'  1  ^rm.  Arsenic  acid  and  silicic  acid,  J  if  pre- 
aent,  must  tiret  be  removed.  Of  all  the  methods  for  determining  phosphoric 
add  in  the  presence  of  sesquioxide  of  iron  and  alumina,  this  is  the  best, 

7,  Indirect  determifuUion^  with  ptevioua  precipitation  as  phosphate  of 
hintxtiif^  of  tin, 

Ailer  GiRAiiD,§     Dissolve  the  substance  in  which  the  phosphoric  add 

•  Jmim.  f  prakt  Chem.  5S,  343. 

4  ^  ■  inolybdio  solutioa  contain,  as  it  should,  5  per  cent,  of  tnolyhdio  acid, 
I  of  12  c.  c.  for  every  centijfram mo  of  phosphoric  acid  (UO  purts  of 
In  i.iM  L'»  1  part  of  phosphoric  noid)  will  insure  complete  precipitation. ) 

t  Silidc  a/?id  may  also  be  thrown  down,  in  form  of  a  yellow  precipitate,  by  acid 
(tolation  of  molyVjdate  of  ammoaia,  e5*pceially  in  presence  of  much  chloride  of 
ftrnTnouium  (W,  Knop,  Chem.Ceatralb.  1857,  ilMl  Mr,  Gruntlinann.  who  repeated 
Kjjop*f  expertmenta  in  my  laboratory,  obtained  tho  same  res^ult*.  The  precipitate 
diaolTes  in  ammonia.  If  the  solution,  after  addition  of  some  chloride  of  ammo- 
luam,  is  allowed  to  stand  for  aome  time,  the  silicic  octd  ^wparates,  and  the  phoH« 
acid  may  them  be  precipitated  from  the  filtrate  with  mag^nesia-mixture  ;  it 

kowever,  «dway«  the  flafer  way  to  remove  silicic  add  ftrat. 

i  [Tbia  is  a  modification  of  the  method  of  Reisaig  (Ann.  Chem.  u,  Ph,  &8, 830) 
^iwfid  upon  that  of  Reynoao  (Joum.  f,  prakt.  Cbem.  54.  201),  The  obaerrB* 
tiooiof  Baeber  (Frea.  Zeit.  iv.,  132)  have  been  regimied.] 
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is  to  be  estimated  in  highly  concentrated  nitric  acid,  remote  all  cb1orLn% 
either  by  precipitation  with  nitrate  of  sUver,  or  by  repeated  evaporation 
with  nitric  acid^  add  at  least  eight  times  as  much  tinfoil  as  there  ifl 
phosphoric  acid  present,  and  warm  the  mixture  for  ^ve  or  six  houra^ 
until  the  precipitate  haa  completely  subsided^  leaving  tlie  supemaiant 
fluid  clear*  Wash  with  hot  water  by  decantation  8  to  10  times,  and 
Unally  by  fi  it  ration. 

The  prccipit^ifcte,  con^iBting  of  metastannicacid  and  phosphate  of  binoxide 
of  tin,  together  with  a  little  phoHphate  of  aeaquioxide  of  iron  and  of  alumiQji» 
is  heated  with  sulphide  of  ammonium  in  excess,  digeated  about  two  houi«, 
and  then  filtered ;  the  precipitate,  consisting  of  sulphide  of  iron  and  hy- 
drate of  alumina,  is  waiihed  with  water  to  which  a  little  sulphide  of  am- 
monium has  been  added,  dissolved  iu  nitric  acid,  and  the  solution  thus 
formed  mixed  with  the  filtrate  from  the  tin  precipitate  which  containii 
the  principal  quantity  of  the  bases.  From  the  sulpliide  of  ammoninnL 
titrate,  which  contains  bisulphide  of  tin  and  phosphate  of  ammonift,  thtt 
phosphoric  acid  b  at  once  precipitated  by  magnesia-mixture.  1  may  ad^ 
that  GtRABD  considers  4  to  5  parts  tin  s^ifficient  for  1  part  phosphoric 
acid.     The  results  afforded  by  his  tc«t  analyses  are  unexceptionable. 

c.  DeiemUnaiian  ea  PhoMplhaie  of  Se^quioxide  of  Uraniunh. 

After  Leconte,  A.  Arendt,  and  W,  Knop  *  (very  suitable  in  pre»» 

ence  of  alkalies  and  alkaline  earths,  but  not  in  presence  of  any  notable 
amount  of  alumina;  in  presence  of  sesquioxide  of  iron,  the  method  can 
be  applied  only  with  certain  modifications,  see  §  135,  g,  ^ ),  Wljere  i 
is  possible,  prei^are  an  acetic  acid  solution  of  the  salt.  If  you  have| 
nitric  or  hydrochloric  acid  solution,  remove  the  greater  portion  of 
free  acid  by  evaporation,  add  ammonia  until  red  litmus  paper  dip|>ed  i 
to  it  turns  very  distinctly  blue,  and  then  redissolve  the  precipit 
formed  in  acetic  acid.  If  mineral  acids  were  present,  add  also  some  a 
tate  of  ammonia.  Mix  the  fluid  now  with  solution  of  acetate  of  i 
oxide  of  uranium,  and  heat  the  mixture  to  bcjiling,  which  will  cause  t 
phosphoric  acid  to  separate,  in  form  of  yellow  phosphate  of  seisquioxidfi 
of  uranium  and  ammonia. 

Wash  the  precipitate,  first  by  decantation,  boiling  up  each  time,  then 
by  filtration;  the  operation  may  be  materially  facilitated  by  adding, 
iinmetliatcly  after  precipitation,  as  soon  as  the  liquid  has  cooled  a  little, 
2  or  3  drops  of  chloroform,  and  givifig  the  mixture  a  vigorous  shake^  or 
boiling  it  once  or  twice.  Dry  the  precipitate,  and  ignite  as  tlirectjwl 
g  53.  It  is  advisable  to  evapojut^  small  quantities  of  nitric  acid  on  the 
ignited  precipitate  repeatedly,  and  to  re-ignite.  The  I'esidue  must  have 
the  color  of  the  yolk  of  an  egg.  For  the  properties  of  the  pr€^cipitftte 
and  re.sid>ie,  see  §  93,  4,  e.  Should  it  be  necessary  to  dissolve  tHf 
ignited  residue  again,  for  the  purpose  of  repreci  pita  ting  it,  this  can  be 
done  only  after  fusing  it  with  a  large  excess  of  mixed  carbonates 
of  soda  and  potassa,  and  thereby  converting  the  pyrophosphonc  into  tri- 
basic  phoaiihoiic  acid.  Kesulta  accurate  ;  compare  the  proofs  given  bj 
the  authors,  aiul  Expt.  Ko.  90, 

*  Lecoate  was  the  first  to  recommend  the  method  of  precipitating  phoipihodo 
acid  from  acetic  acid  solutioDa  by  means  of  a  salt  of  uranium  (Jahresb.  von  Lie* 
big*  imd  Kopp,  f  iir  1853,  643) ;  A.  Arendt  and  W.  Knop  have  subseqiientiy  ncab* 
jected  it  to  a  careful  and  lieazching  examination  (Chem,  Centralbl  1856,  760, 
803  ;  and  1857,  177;. 
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Id  Dei^rminaiian  as  Some  Phosphate  of  Ses^ioacid^  of  Iron, 
Q.  Proceed  exactly  as  in  the  determination  of  arseuic  acid,  by  v. 
XoiiKr-L's  mcxli^cMioa  of  Behthjeb's  method  (§  127,  3,  6).  The  results 
jtal  accurate. 
^B.  Mix  the  acid  fluid  containing  the  phospboric  acid  with  an  excess 
ofisoluticm  ijf  a  esq  ni  chloride  of  iron  of  known  8trengt!i,  or  with  a  weighed 
^mmtity  of  aminotiitt  iron-aluiu,  add,  if  necessary,  »ufTi dent  alkali  to  nen- 
tmliie  tbt*  gieater  poi-tiou  of  tlie  free  acid,  niix  with  acetate  of  soda  in 
fiXcecS)  and  boU.  If  the  quantity  of  solution  of  Besciniehloride  of  iron 
iddied  waii  Hufficient,  the  preeipitute  muNt  be  brownish-red.  This  pre- 
cipitate cousi^sts  of  bftsic  pbosjriiiite  and  ba^ic  acetate  of  Kesqiiioxide  of 
iron,  sind  contains  the  whole  of  the  phoHphoric  acid  and  of  the  sesqniox- 
tjda  of  iron.  Piltijr  off  boiling,  wash  with  btJiling  water  mixed  with 
acotatn  of  ammonia,  dry  carefully,  and  ignite  in  a  platinum  cnici- 
'  with  access  of  air  (g  53).  Moisten  the  residue  left  upon  ignition 
with  strong  nitric  acid,  evajwrate  this  at  a  gentle  heat,  and  ijruite  again, 
oald  this  operation  have  increasetl  the  weight,  which^  however,  ia  not 
dly  the  case,  it  must  be  repeatt!d,  until  the  weight  remains  conntant. 
Deduct  from  the  weight  of  the  residue  that  of  the  Hcsquioxide  of  iron 
contitined  in  the  solution  added  ;  the  diirerence  ia  the  phosphoric  acid. 

7.  (J.  Weeren^s  method,  suitable  for  the  estimation  of  the  phosphoric 
acid  in  phosj^hate^  of  the  alkalies  and  alkaline  earths,*)  J\Iix  tlie  nitric 
acid  itolution  of  the  phosphate  under  examination,  which  musst  contain  no 
other  fcitrong  acid,  wirh  a  solution  of  nitrate  of  sesquioxide  of  iron  of  known 
Strength,  in  sufficient  projH>rtion  to  insure  the  formation  of  a  liasic  salt ; 
evaporate  the  mixttire  to  dryricas,  heat  tlie  residue  to  IGf)^,  until  no  more 
■  m tnc  acid  f  1 1  mes  C8ca]>e,  treat  w  i  t h  hot  water  unt  il  al  1  ni  trates  o f  t  li  e  alk a  liea 
I  and  nlkaline  earths  are  removedjf  collect  the  yellow-ochreous  pi-ecipitato 
I  on  a  lilti^T,  ilvy^  ignite  (m*e  g  H^i),  weigh,  and  deduct  from  the  weight  the 
p    quantitj  of  se^squioxide  of  ii'on  added, 

r.   DtiUrmimUion  as  Basic  Phosphute  of  Magnesia  (3  Mg  C>,  P  O^). 

(Fr.  S<^llze'*8  method,  guitahle  more  particularly  to  effect  the  sepa- 
noiun  of  phosphoric  acid  fi'om  fdkalies.J) 

Mix  the  Hobition  of  the  alkaline  phosphate,  which  cont^iins  chloride  of 
^  aittTnoTiiniii,  with  a  weighed  excess  of  pure  magneaia,  evaponite  to  dryne^ 
B  ignite  the  residue  until  the  chloride  of  ammonium  is  expelled,  and  separate 
^Ljhe  magnesia,  which  is  still  [vresent  in  form  of  chloride  of  magnesium,  by 
^HpStiiin  with  oxide  of  mercury.  Treat  the  ignited  residue  with  water,  fib 
^^  &  the  solution  of  the  chlorides  of  the  alkali  metals,  wash  tbe  precipitate, 

Idiy,  igmt«!,  and  weigh.     The  excess  of  weight  over  that  of  the  magnesia 
wed  ahowit  Uie  quantity  of  the  phosphoric  acid.     Results  satisfactory. 


I 


f^  J}€Urminntion  by   Vdunieiric  Analysis, 

L  With  Uramum  Solution, 

The  employment  of  this  solution  was  recommended  twelve  years  ago  by 
J^?uNTK.§     Neu BAUER  ||  improved  tbe  method  and  described  it  in  detail, 


•  Joam.  f .  prakt  Ghem,  <>7,  R. 

f  In  pTOwmoe  of  magnesia,  warmings  with  a  eolation  of  nitrate  of  ammonia  ia 

P^^ftaabla. 
Jauja  t  prakl  Chem.  63,  440, 
Jahreiber.  von  Liebig  u.  Kapp,  fCir  1659,  642. 
Archiv  till  widienacbuftliche  Eeilkande,  iv.  228, 
la        
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and  afterwards  it  was  reoomm  ended  again  by  PracUR,*  and  subsequentJj  | 
by  BoDEKER.f  The  principle  of  the  method  is  as  follows:  acetate  of  8e»-  \ 
quioxide  of  uranium  pi-ecipitates  from  sol w lions  rendered  acid  by  acetie  5 
acid  J  phoHphate  of  sesqiiioxide  of  uranium,  or — in  the  presence  of  consideri^  | 
ble  quantities  of  ammoniacal  salts — phosphate  of  sesquioxide  of  uranium  , 
and  ammonia.  The  proportion  between  the  ui'aniuin  and  the  phosphoric^ 
acid  iH  the  name  in  both  eompoands.  Both  compovinda  when  freshly  |^ 
cipitated  and  suspended  in  water  ar*.^  U^ft  unchanged  by  ferrocynnidatjj 
potrussium ;  acetate  of  sesquioxide  of  uranmm,  on  the  other  hand,  is  ind 
ted  l)y  thi.4  reagent  with  great  delicaoy,  insoluble  reddish-brown  fer 
nide  of  uranium  being  precipitated. 

According  to  Keubauek  J  the  following  ^diUloiis  are  employed  : 

a.  A  Solution  of  Pho9phoHc  Acid  of  knowji   ittrengiK 

Prepared  by  dissolving  10085  grm.  pure,  crystallized,  uneffioresoad, 

powdered,  and  pressed  phos[>hate  of  soda  in  water  to  I  litre.     50  c  e. 

contain  0*  1  gim,  I'O^, 

h.  An  Acid  Solution  of  AcMcUe  of  Soda* 

Prepared  by  dissolving  100  grm,  acetate  of  soda  in  900  water,  j 
adding  ordinary  acetic  acid  to  1  btre, 

c.  A  SolitfloH  of  Acetate  of  Se^iioxide  of  Uranium  (§  63^  3)  in  water. 

This  ia  stjiodardized  by  means  of  the  phosphate  of  soda  solution.     1  < 
indicates  '005  grni.  P  O^.     The  solution  is  made  at  first  a  little  str 
than  neceHsary,  so  that  it  may  contain  in  the  litre  say  22  grm,  Ur,l 
(corresponding  to  32*5  grm.  Ur^  O3,  A  +  2  aq.  or  34  grm.  Ur,  0„  A< 
aq,),  its  value  is  determined,  and  it  is  diluted  accordingly.     To  det 
it«  value  proceed  as  follows :  transfer  50  c.  c.  of  the  a  solution  to  a  I 
add  :i  c.  e.  of  the  h  solution^  and  heat  in  a  water-bath  to  90 — 100*^*    K^ 
run  in  unmiuni  solution,  at  first  a  large  quantity,  at  last  in  \  c,  c,  I 
after  each  addition  whether  the  precipitation  is  finished  or  not.     Fori 
purpose  spread  out  one  or  two  drops  of  the  mixture  on  a  white  por 
surface  aiuj  introduce  into  the  luiddle,  by  means  of  a  thin  glass  1 
small  drop  of  ferrocyanida  of  potassium  solution.     As  soon  as  a  trace  l| 
excels  of  acetate  of  uranium  is  present,  a  reddish-brown  spot  forms] 
the  di'op^  which,  surrounded  as  it  is  by  the  colorless  or  almost  colork 
fluid,  may  be  Yfdvy  distinctly  perceived.      When  the  final  reaction  has  jii 
appeared,  heat  a  few  minutes  in   the  water-batli  and  repeat  the  test 
on  tlie  porcelain.     If  now  the   reliction  is  still  plain  the  experiment  is 
concluded*     If  the  uranium  solution  had  been  ejtactly  of  the  reqo 
strength,  20  c.  c.  would  have  been  used ;  but  it  is  actually  too  oono 
trated,  hence  less  than  20  c.  c.  must  have  been  used.     Suppose  it  was  J 
c.  c,  then  the  solution  will   be  right,  if  for  every  18  c.  c.  we  add  2  < 
of  water.     If  in  this  fiiut  expf^riment  we  find  that  the  soUition  is  mu 
too  stroiig,  the  sohition  is  diluted  witli  somewhat  less  water  than  is 
properly  speaking  required,  another  expeiiment  is  made,  and  it  is  then 
diluted  exactly, 

ll»e  actual  aTudysig  must  be  made  under  as  nearly  as  possible  similw 
circumsUmces  to  those  under  which  the  standardizing  of  the  uranium  ftolu* 
tion  wa>i  performed,  especially  as  regards  the  acetate  of  soda.  ThiBal^ 
retards  the  precipitation  of  unuiium  i»y  ferrocyanide  of  potaasiiimj  henct 

♦  JooriL  f.  prakt  Chem.  7G,  104      f  AmnO.  d.  Cbem,  u,  PhamL  117,  IW, 
I  Anleitung  sur  Hanymaljse,  4  Aufi.  S.  143, 
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cirop  on  tlie  porcelain  plate  becomes  darker  and  darker*  The 
should  accustom  himself  to  observing  the  first  nppeiurance  of  the 
E^  browniflh  coloration  in  the  middle  of  the  drop,  and  should  take 
I  the  e^d-reaction.  It  need  liardly  be  added  that  the  same  person 
moat  make  the  analysis  who  has  standardized  the  solution  (Neubaueii)* 
The  method  h  applicable  to  solutions  of  free  phosphoric  acid,  and  to 
alkmhne  and  alkaline  earthy  phosplmtes,  but  cannot  be  employed  in 
pi  UL&oe  of  aesquioxide  of  iron  and  uliimina.  Dissolve  the  substance  in 
ivmter  or  the  least  possible  quantity  of  acetic  acid,  otld  5  c,  c.  of  &  solution, 
dilute  to  50  c  c,  proceed  with  the  addition  of  ui-anium  as  above,  and 
.count  •1)05  grm.  P  O^  for  every c.  c.  UBod.     The  results  are  satisfactory* 

n*    Separation  of  Phosphoric  Acid  from  the  Bases. 
§135. 

c  I^rom  the  Alhatte^  (see  also  d^  A,  A)* 

•^  Add  chionde  of  ammonium,  then  acetate  of  lead,  exactly^  tUl  no 
predpit&te  ia  produced,  tilter  oM*  the  precipitate  consisting  of  phos- 
plnte  and  chloride  of  lead,  wash,  precipitate  from  the  ^trate  the  slight 
cxcees  of  lead  by  sulphuretted  hydrogen,  filter  and  evaporate  with  hy- 
drochloric acid  (exe<*pt  in  the  case  of  litJiia,  when  sulphuric  acid  is  sub- 
idtuted  for  the  hydrochloric  acid).  If  the  phosphoric  acid  is  to  be 
eililiUited  in  the  same  portion,  proceed  with  the  first  precipitate  (after 
VMhin^  to  remove  the  larger  quantity  of  chloride),  according  to  5, 

0L  (Only  applicable  in  the  case  of  fixed  alkaliet;,)  Hepanite  the  phos- 
phoric acid  as  phosphate  of  sesquioxide  of  iron,  according  to  one  of  the 
luethods  give-n  §  134,  </,  or  as  ba^ic  phosphate  of  magnesia,  according  to 

L1S4,  *■,      The  alkalies  are  contained  in  the  filtrate  aa  nitrates  or  metal- 
I  cblorides. 

h,  Frofn  MaryUij  Strantia^  Xi/rw?,  and  Oxide  of  Ziead, 

Hie  comp<'«und  under  examination  is  dissolved  in  hydrochloric  or 
stiric  ftcidy  and  the  solution  precipitated  with  sulphuric  acid  in  slight 
exceas.  In  the  separation  of  phosphoric  acid  from  strontia,  lime,  and 
oxide  of  lead,  alcohol  is  abided  with  the  sulpliuiic  acid.  The  phoftjdioric 
•ad  in  Uje  filtrate  is  determined  according  to  §  134,  6,  a  (after  removal 
d  the  alcohol  by  evaporation).  The  determination  of  the  phosphoric 
wad  is  effected  most  accurately  by  sitturatiiig  the  fluid  with  carbonate 
of  Kxliiy  evaporating  to  dryness,  and  fusing  the  residue  with  the  carbonates 
of  aoda  and  potaasa.  The  fused  mass  is  then  dissolved  In  water,  and  the 
farther  process  conducted  asin§134,  6,  a. 

c  Jf'rom  Magiietia  (see  also  dy  A,  A;). 

The  phosphoric  acid  is  separated  as  in  §  134,  f/,  a;  and  the  magnesia 
lod  l«ryta  in  the  filtrate  are  separated  in  the  manner  described  §  1^4. 

(/.  F'rofn  the  whole  of  (he  AlhUine  Earths  andjtxed  Alkalies  (comp. 

a.  jyvmolve  in  the  least  possible  quantity  of  nitric  acid,  add  a  little 
diloride  of  ammonium,  precipitate  exactly  with  basic  acetate  of  lead,  pre- 
cipitate the  excess  of  leatl  rapidly  from  the  tiltrate  by  means  of  a  little 
ittlphuretted  hydrogen,  filter  and  determine  the  bases  in  the  filtrate. 
Kesolts  good. 

3,  DisiolTe  in  water,  sjid— in  the  case  of  alkaline  earthy  phosphates 
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— the  least  possible  nitric  add,  add  neutral  nitrate  of  dlvor  «id  theu 
carbonate  of  Bilver,  till  the  fluid  reacts  neutral.  All  phosphoric  acid 
now  separates  as  3  Ag  O,  P  O.^*  Warming  is  unneceBsaty.  Filter,  wanh 
the  precipitate,  dissolve  it  in  dilute  nitric  acid»  precif>itate  the  ailvor 
with  hjdrooLloric  acid,  and  detenraue  the  phosphoric  acid  in  tlie  filtrate 
according  to  §  134  6,  a.  The  tilt  rate  from  the  phosphate  of  silver  is 
freed  fi'oni  silver  by  hydrochloric  acid,  and  the  ba^es  are  then  deter* 
mined  according  to  the  methods  already  given  (G.  Chaxc  el*),  A 
good  and  convciiieut  laethoiL  (If  the  substanee  eontaina  lUumina  or 
sesquioxide  of  iron,  tliese  bafies  are  com|detely  preci[jitated  by  the  car- 
honute  of  silver,  and  are  found  mixed  with  the  j»hosphate  of  silver.) 

y,  Sepiu'ate  the  phos|dioric  acid  as  phosphate  of  sesquioxide  of  umniutii 
(§  134,  c),  and  the  excess  of  seaqiiioxide  of  uranium  from  the  alkaline 
earths,  «tc.,  in  the  filtrate,  according  to  §  lli  1,  Sup^plement,    Results  good. 

0.  Separate  the  phosphoric  acid  according  to  §  134,  ti,  0  or  /.  Th« 
alkatine  earths  ai'e  obtained  in  solution,  in  the  tirst  ca^v  aa  m«tallife 
chlorides  together  with  alkaline  acetate  and  alkaline  metallic  chloride; 
in  the  second  ease  as  nitrates.     Hesults  good. 

e.  I^rom  Alumina  (see  also  h  and  fc). 

a.  (Otto  and  Fresenius,  applicable  in  presence  of  sesquioxide  of 
iron.)  Dissolve  in  hydrochloric  or  nitric  acid,  dilute  a  little,  add  a  tol- 
erable quantity  of  tartaric  acid,  and  then  ammonia  in  exeesa.  If  yoa 
have  added  suflicient  tartaric  acid,  the  fluid  must  now  appear  clear. 
Add  magnesia-mixture  in  slight  excess,  and  allow  to  stand  at  rest  for  24 
honrs  in  a  covered  vessel  without  warming,  then  tilter,  and  wajsh  the 
precipitate  with  dilute  solution  of  ammonia ;  to  frt^e  it  completely  from 
aluinina,  sesquioxide  of  iron,  and  basic  tiirtrate  of  magnesia,  redisRolt« 
it  in  liydrtichloric  acid,  add  a  very  little  tartaric  acid,  and  reprtx-ipiUite 
with  aimiiotua.  Treat  the  precipitate  now  as  directed  in  §  134,  A,  a.  To 
obtain  the  alumina  contained  in  the  filtrate,  add  some  nitrate  of  potassa 
and  a  sufficient  quantity  of  carbonate  of  soda  to  effect  the  deeoiuposition 
of  the  chloride  of  ammonium,  f  evaporate  to  dryness,  and  igiute  the  resi^ 
due  ill  a  platinum  vessel.  Dissolve  in  nitric  or  hydrochloric  acid  by 
continned  application  of  beat,  aiid  separate  the  alumina  from  the  magnfr- 
aia  as  tlirected  in  §  154j,  Tliis  method  ia  only  to  be  i^ecommcndt^d  when 
tbe  quantity  of  the  aluminn,  of  the  sesquioxide  of  iron,  and  of  the  free 
acid  is  not  too  large,  since  [phosphate  of  miignesia  and  ammonia  ia  con- 
siderably soluble  in  solutions  of  sesqniBalt-a  of  iron  J  and  ahimina,  §], 

3,  (Wackenkodeh  and  Freseniub.)  Precipitate  the  not  too  add 
solution  with  ammonia,  taking  care  not  to  use  a  great  excess  of  that 
reagent,  and  add  chloride  of  barium  a«  long  aa  a  precipitate  continues 
to  forai.  Digest  for  some  time,  and  then  filter.  The  pi*€H^ipitate  con- 
tains the  whole  of  the  alumina  and  the  whole  of  the  phosphoric  acid; 
the  latter  combined  pFirtly  with  alumina,  partly  with  baryta.  Filter  it 
off,  wash  it  a  little,  and  dissolve  in  the  least  possible  quantity  of  hydro- 
chloiic  acid.  Warm,  saturate  the  solution  with  carbonate  of  batata,  add 
pure  hydrate  of  potassa  in  excess,  apply  heat,  precipitate  the  b&ryti 


•  Compt.  rend,  49,  mi. 

f  The  ignition  of  alumina  in  presenoe  of  chlodde  of  atmnomam  would  ai^ifl 
lofls  by  th«  escape  of  chloride  of  aluminium  fH  Hose). 

[I  Dick,  Memoirs  of  Geological  Surveys  of  Great  Britain,  1,  64. | 
[§  Kuapp,  Frea.  Zeitsohrift,  iv, ,  151.  J 
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Iviucli  the  solution  may  contain  with  carbonate  of  soda,  and  filf-er*    You 

a^e  now  the  whole  of  the  alumina  iii  the  solution,  the  whole  of  the 

plui0plionc  acid  in  the  precipitate.     Acidify  the  solution  with  hydro- 

^liTnr^/-    add,  boil  with    some    chlorate  of  pofcassa,  and    precipitate    aa 

i  §  105.     Dissolve  the  precipitate  in  hydrochloric  acid,  precipi- 

-e*   baryta  with  dilute  sulphuric  acid,  filter,  and   determiDe   the 

•jtic  acid  in  the  filtrate  by  precipitation  with  solution  of  magne- 

he  tnaiiner  described  in  §  1S4,  h,  a.    {Hjcrmann  has  applied  a  per- 

loiilar  tnethtjd  in  hia  anaIy«jiB  of  [impure]  gibbsite*) 

J.  J'Yi^m  Segrpjiutlfle  of  CItromium  (see  also  A,  k). 
Fuse  with  carbonate  and  nitrate  of  soda^  and  f^parate  the  chromic 
mad  Aiid  phosphoric  acid  in  the  manner  described  §  166. 

^,   Frtym  the  Metallic  OjdfJes  of  the  fourth  Group  (see  also  h^k), 

au  Fuse  with  carbonate  of  soda.  Keep  in  fusion  for  some  time,  and  theji 
boil  the  fused  mass  with  water.  Filter  and  wa^sh  the  undissolved  residue. 
Tbe^ltrmtr  coutainsthe  phosphoric  acid  comliincd  with  boda;  determine 
the  scad  as  directed  in  g  134,  b,  a.  Dissolve  the  residue,  which  generally 
retains  alkali,  in  acid,  and  determine  the  metal  by  the  appropriate  niethud. 

Should  a  small  portion  of  manganic  acid  have  got  into  the  aolutioti, 
this  is  nsnioved  by  a  little  sulplmrettc'd  hydrogen  water. 

^  DisAtdTe  in  hydroehloj-ic  add,  add  tartaric  acid,  chloride  of  ammo- 
fixmn,  and  ammonia.,  and  finally,  in  a  flask  which  is  J.o  be  closed  afler- 
virtla^  sulphide  of  ammonium,  put  the  flask  in  a  moderately  waiTn  place, 
lJi..„;..o.  ^^,,  mixture  to  deposit  until  the  fluid  ai^peai-s  of  a  yellow  color, 
»i  L^  le&st  tint  of  gi-eeo  ;  filter,  and  determine  the  metals  as  di- 

r»^i  I  'I  .,:;;  108  to  114,  The  phosphoric  acid  is  found  from  the  loss,  or 
defMiiitr  ^1  according  to  §  134,  b^  «.  The  magn*>sia-ri»ixtur6  may  inime- 
<ii  idded  to  the  filtrate,  which  contains  sulphide  of  ammonium. 

T  I   precipitate  is  once  more  disiiolved,  and  the  solution  repre- 

c]  .  in  c,  fl.     This  method  is  not  well  adapted  for  the  analysis 

<jf  jihate  of  nickel. 

y,  \«S|»«H}ial  method  for  effecting  the  separation  of  phosphoric  acid 
fTTtm  the  oxides  of  iron.  R.  Abentjt  and  W.  Kxop*).  Dissolve  in 
hloric  acid  to  the  least  possible  volume  of  fiuid,  add  to  the  clear 
;i  protochloride  of  uranium  f,  until  the  color  inclines  distinctly  to 
green,  and  a  drop  of  sulphocyanide  of  potassium  no  longer  produces  a 
red  tint  in  the  lluid.  Add  now  ammfinia  to  distinct  alkaline  feaction, 
tliciji  acetaie  of  sesqui oxide  of  uranium,  and  free  acetic  acid,  together 
vith  a  ^w  drops  of  solution  of  acetate  of  protoxide  of  uranium,  |  and 

•Ghem.  C^ntralbL  1857,  183. 

f  Prtparttiimi  of  the  PrtftachlttHde  ftf  Uranium. — Bifinolve  carbonate  of  sesqul- 
OEiile  <kf  linLaium  and  anmionia  in  double  the  qaantitj  of  bydrocbloric  acid  re- 
faired  to  effect  solution,  iidd  a  few  dropH  of  Bohition  of  bichloride  of  platiiiiuD^ 
tod  UuFow  into  the  mijtture  an  exceeu  of  fine  coppc^r  turnings.  Heat,  and  let  the 
taixtore  boU  from  10  to  15  minutes.  The  tjnid  speedily  acquires  a  g-reen  color, 
mA  Hie  oonTeraioQ  of  chloride  to  enbcbloride  is  »oon  effected.  To  separate  the 
iMnoHed  subchloride  of  copper,  let  the  inixtare  boil  iintd  water  produces  a 
^  pitxite  in  a  sample  of  it.     When  this  point  iJi  attained,  dilute  the  en- 

tij  M.   allow  it  to   cool,  filter  off  the  subchloride  of  copjw^r,  transmit 

tt  filtrate  sulphuretted  hydrogen  in  exce«8  ;  filter  off  the  precipitated 

m  if  copper,  mi^t  the  sK>lntion  with  chloride  of  atnmoninm,  and  boil  un- 

til Qjj  MujuiTiretted  hydrogen  haa  eacaped.     R.  Arendt  and  W.  Koop,  i  hem.  Ceu- 

;  Preparation  of  Acttoi^  of  PtQi&xidc  of  rraaiMm.*-Precipitate  solution  of 


278  DETEKMlKATlOir,  |^§  135^ 

Beat  to  boiling.  Tlic  color  of  the  mixture  must  appear  distinctly  greec::;^ 
ifih,  and  not  dirty.  Let  the  solid  particles  completely  subside,  and  iXn^  ^ 
decant  on  to  a  filter ;  boil  the  precipitate  with  water  and  some  diloric|^ 
of  auimonium,  and  decant  again.  Repeat  this  operation  once  more^  aij^y  | 
then  treat  the  precipitate  aa  directed  in  §  134,  c.  Separate  thenraniiiiu 
and  iron  in  the  filtrate  as  directed  §  161,  Supplement,  The  results  i&j^ 
Batisfactory.  The  addition  of  the  protochloride  of  uranium  has  forffe 
object  the  reduction  of  the  sesquichloride  of  iron  to  protochloride. 

(5.  (S|iecial  method  for  eifecting  the  separation  of  phosphoric  acid  from 
tlie  oxides  of  iron,  Fhesenius/)  lieiluce  the  sesquioxide  of  iron  in  the 
solution,  if  necesstirj,  with  suljihite  of  soda,  add  pure  hydrate  of  p«:>t4M*i 
in  excess,  boil  until  the  precipitate  has  become  black  and  granular,  tilter, 
and  wash  with  boiling  water*  The  precipitate  on  the  filter  b  [nx*t<»ses 
quioxide  of  iron,  fi-ee  from  phosphodc  acid.  The  phosphoric  acid  in  the 
filtrate  is  determined  as  directed  in  §  134,  6,  ot. 

A*  J^om  Metallic  Oxides  of  the  Second^  Thirds  and  Fhurth  Ormpt. 

More  especially  from  the  alkaline  earths,  alumina,  the  protoxides  of 
manganese,  nickel,  and  cobalt,  and  oxide  of  zinc ;  also  from  scaquioxidft 
of  iron,  if  the  quantity  of  the  latter  is  not  too  considerable. 

The  phosphoric  acid  is  precipitated  aa  j>hosphate  of  binoxide  of  tin, 
ftooording  to  the  directions  of  §  134,  h^  j.  The  filtrate  containis  ih 
bases  free  from  any  foreign  body  requiring  removal,  which,  of  course, 
greatly  facilitates  their  estimation, 

i.  i*Vr/f?i  tJie  Metals  of  th^  jh\f(h  and  Sixth  Groups, 
Dissolve  in  hydi-ochloric  or  nitric  acid,  precipitate  with  sulphuaUted 
hydrogen,  filter,  determine  the  bases  by  the  methods  given  in  §§  115  to 
127,  and  the  phosphoric  acid  in  tlie  Jilti-ate  by  the  method  deficrihed 
§  1 34,  6,  cf .  From  oxide  of  silver  the  phosphonc  acid  is  separate^i  ifi  * 
more  simple  way  still,  by  adding  hydrochloric  acid  to  the  nitric  acid  tuilu* 
tion ;  from  oxide  of  lead  it  is  separated  most  readily  by  the  method  desciibed 
in  b. 

k,  ^Tom  all  Bases  without  eooc^Hoiu 

Apjdy  SoNNENacHEis"'s  method  (§  134,  h,  0),  and  in  the  filtrate  from 
the  pliospho-molybdate  of  aTniu<uiia  sepaiiite  the  bases  from  tho  moIybJic 
acid.  A«  mol3^bdic  acid  coiiiports  itself  with  sulphuretted  hydixjgeu 
and  sidphide  of  ammonium  Hke  a  metal  of  the  sixth  group,  it  is  best  to 
precipitate  metals  of  the  sixth  and  also  of  the  fifth  grtmp  from  tci<i 
solution  with  s id phii retted  hydrogen,  litjfore  proceeding  to  precipitate  tli« 
phos[dioric  acid  with  molylMiic  acid  ;  the  latter  will  then  have  to  besepar 
rated  only  from  the  metals  of  the  first  four  gi'onpa.  This  Ls  done  in  tie 
follow iiig  nmnrier  :  mix  the  acid  fluid,  in  a  fiask,  with  ammonia  till  it 
acquires  an  alkaline  reaction,  add  sulphide  of  anunonium  in  sufficient 
excess,  close  the  mouth  of  the  fliisk,  and  digest  the  mixture.  As  bood  w 
the  tiohitioii  appears  of  a  redd ish-jel low  color,  without  the  least  tint  of 
gi-een,  lilttT  otf  the  fluid,  whicli  contains  sulphide  of  molybdenum  aiu^ 
ammoninm,  wash  the  residue  with  water  mixed  with  some  sulphide  of 
ammonium,  mid  separatf  tlie  remaining  metallic  sulphides  and  hvdmt<9d 
oxides  of  the  fonilh  and  third  groups  by  the  methods  which  will  he  foiulo 
in  Section  Y,     Mix  the  filtrate  cautiously  with  hydrochloric  acid  in  modi*- 

protochJoride  of  uranium  with  ammonia,  and  dissolve  the  precipitato  In  ina^o^   | 
Acid,  hesi  at  a  hi^h  temperature. 
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nteexoe^,  remove  the  sulphide  of  molylHlenum  according  to  the  directions 
of  8  128,  <7,  and  deterniine  the  alkaline  earths  and  alkalies  in  the  filtrate. 

Thiii  method  of  separating  the  phosphoric  acid  from  the  buses  ia  highly 
to  be  riecommended ;  especially  in  caaes  where  a  small  quantity  of  phoa- 
|ihoric  acid  has  to  be  determined  in  presence  (if  a  very  large  cjuantity  of  ses- 
quioxide  of  iron  and  alumina,  us,  for  example,  in  iron  ores,  soils,  ic.  A» 
arsoiiic  acid  and  silicic  acid  give,  with  molybdic  acid  andaniiiioniu,fciimiijir 
yellow  precipitates,  it  is  necesa^iry,  if  the.se  acidb  are  present,  to  remove 
them  first.  However,  even  if  a  little  silico-molybdate  of  ammonia  Is  mixed 
with  the  phoiipho-molybdate,  the  estimation  of  the  phobphoxic  acid  may 
yet  be  accurately  eft^icted  (comp.  g  134,  6,  3), 

As  the  Ke[mration  of  the  bases  from  the  large  excess  of  molybdic  acid 
jned  is  somewhat  tedious,  the  best  way  is  to  arrange  matters  so  that  thia 
p-oceas  may  be  altogether  disptnised  with.  .Supposing,  for  instance,  you 
imveatluid  containing  sesquioxide  of  iron,  alumina,  and  phosphoric  acid, 
fstiumtcf,  in  one  portion,  by  cautious  precipitation  with  ammonia,  the  total 
Amount  of  the  three  bodies  j  in  another  jtortion  the  phosphoric  acid,  by 
mt*aiis  of  molybdic  acid  ;  and  in  a  third,  the  sesquioxido  of  iron,  in  the 
volumetric  way.     The  dilference  gives  the  alumina. 


§  136. 
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The  determination  of  the  boracic  acid  lq  an  aqueous  or  alcoholic  solution 
Oaniiot  be  effect^ed  by  simply  evaporating  the  fluid  and  weighing  the  residue, 
as  a  notiible  [>ortion  of  the  acid  vohitiliises  and  is  carried  olf  with  the 
•qu»*AiiH  *>r  alcoholic  vapor.  ITiis  is  the  case  also  when  the  solution  ih 
e^  ■'  with  oxide  of  lead  in  excess. 

1  acid  ia  estimated  either  indirecUi/  or  in  form  of  lorofltLoride 

of  pulia99%um. 

1.  Jndirect  iJet'erminniion, 

a.  Mix  the  solution  of  the  boracic  acid  with  a  weighed  quantity  of  pure 
eftrbonat45of  soda,*  in  amount  about  1^  times  the  supposed  quantity  of  the 
bomcic  acid  pi^esent.  Evaporate  the  mixture  to  dryness,  heat  the  residue 
to  fusion  tind  weigh.  The  residue  contains  a  known  amount  of  aoda,  and 
unknowii  quantities  of  carbonic  acid  and  boracic  acid.  Determine  the 
i;ar1jouic  acid  by  one  of  the  methrKls  given  in  §  139,  and  find  the  boracio 
from  the  dii!ei"enco  (H.  Rose). 
[i  b»  In  the  method  «» if  bfitween  1  and  2  eq.  carbonate  of  soda  are  used  to 
t«q.  Ixjracic  acid — and  this  can  t%%sily  Ik^  done  if  one  knows  aji proximately 
Ibe  amount  of  the  latter  present— all  the  carbonic  acid  is  expelled  by  the 
boni^c  iieid.  Hence  we  have  only  to  deduct  the  NaO  from  the  i*esidue  to 
fiad  the  BO,,  A.s  the  tumultuous  escajje  of  carbonic  acid  may  lead  to 
it  b  well,  after  having  thoroughly  dried  the  residual  siihne  ma»s, 
||)raject  it  in  small  portions  cautiously  into  the  red  hot  crucible.     Reaulta 

good  (F.  (t.  SCHAFFGOTSCH  f). 

c.  If  a  solution  contains  alkalies  besides  boracic  acid,  ilio  latter  may  bo 
detennined, according  to  C.  MARiGNAe,Iin  the  following  manner:— Nou* 

*  FuM«d  carbonato  of  soda  aoAwerfi  the  pturpoae  hosk 
_      t  ^«W»  Aim.  107,  421  t  Zeitachrift  t  analyt  Chem.  1,  40CL 
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trallze  the  solution  with  hydrochloric  acid,  add  double  chloride  of  ma^ti^ 

siumandaiDmoiiiuTpiii  such  quantity  that  1  part  of  bonicic  acid  may  h&vo 
atletiiit  2  i»fvrl^  of  magnesia,  then  a4d  ainiuoiiia  and  ev»|vomte  to  dryness, 
Lfapiwpitjite informed  cm  adding  the  ammonia\vhichdiK>Biiut  i-t^disaoive 
readily  on  wanning,  atld  more  chloride  of  ammoiiium.  The  eva|i  ""^^ 
in  conducted,  at  least  towards  (he  t^nd,  in  a  platinum  diab^  a  few  d; 
aminonia  bciug  added  from  tinie  to  time.  Ignite  the  dry  ma^,  tivat 
boiling  \vaterj  collect  the  insoluble  precipitate  (con8i«tijig  of  liorat** 
tnaguesin  mixed  with  excaas  of  magnesia)  on  a  filter,  and  wash  with  hoi' 
water  till  the  w^ashings  remain  clear  with  nitrate  of  silver.  The  tiltru 
and  washings  are  njixetl  with  ammonia^  evaporated  to  dryness,  ignited^ 
washed  with  boiling  water  as  before. 

The  two  innoluble  reeidues  are  ignited  together  in  the  platinum  di 
before  utied,  as  »trongly  aa  possible,  and  for  a  huflSciently  long  time, 
order  to  decompose  the  slight  traces  of  chloride  of  magne*>ium  that  migl 
still  be  present.     After  weighing  determine  the  magnesia  and  Und 
boi'acic  acid  from  the  ditfert^nce.     The  estimation  of  the  magnesia  may 
made  by  dissolving  the  residue  in  hydTOchloric  acid  and  precipitating  U 
phoajduite  of  magnesia  and  ammonia*  or  more  qiiickly,  and  almottt 
accurately,  by  diiisohing  in  a  known  c|Uttntity  of  standard  sulphuric  acii 
ftta  boiling  temperature  and  det^^rmining  the  excess  of  acid  with  stau<" 
soda  (comp,  Alkjilimt'try). 

Should  a  little  ]datiiium  remain  behind  on  dissolving  the  reddue, 
must  be  weighed  and  subtracted  from  the  weight  of  thewhoh^  (tinlcHKllit 
dish  was  weighed  di-Ht).    Results  satisfactory*    AIarigkac  obtaiued  in  twi 
experiments  0-27G  instead  of  0-280, 

2*  Xf  boracic  acid  is  to  he  determined  as  borofluoriiU  ofpoiasm*m^  alka- 
lies only  (preferably  only  [jot^ish)  may  he  present.  The  process  iacouductfd 
as  follows : — Mix  the  lluid  w  ith  pure  solution  of  potafiisa,  adding  for  emh 
eq.  boracic  acid  supposed  to  be  ])resent,  at  least  I  eq.  pot4issa  ;  add  pure 
hydrofluoric  acid  (free  from  silicic  acid)  in  excess,  and  evaporate,  in  a 
platinum  dish,  on  the  water-bath,  to  dryness.     The  fumes  from  the  evapo- 
rating Huid  should  redden  litmus  paj)er,  otherwise  there  is  a  deficiency  of 
hydi'oduuric  acid.     The  residue  consists  now  of  K  Fl,  B  Fl^  and  K  Fl, 
11  Fl,     Treat  tlie  dry  saline  maas,  at  the  common  temperature,  with  a 
Btilution  of  I  part  of  acetate  of  potassa  in  4  part*  of  w^alerj  let  it  M^nda 
few  hours,  with  frequent  sttrring,  then  decimt  the  fluid  portion  on  to  a 
weighed  tilt^r,  and  wash  the  precipitate^  repeatedly   iu  the   same  way, 
hually  on  the  filter,  with  solution  of  acetate  of  potassa,  until  the  last 
rinsings  ai-e  no  longer  pi-ecipitxitL^d  by  chloride  of  calcium.     By  this  couine 
of  procee<iing  tht^  liydrofluateof  fluoride  of  potassium  is  removed,  without 
A  particle  of  the  borofluoiido  of  potassium  being  dissolved.     To  remove 
the  acetate  of  potassiijWjish  the  precijiitat^?  now  with  spirit  of  wine  of  0*86 
sp,  gr.,  dry  at  lOU^  and  weiglu     As  chloride  of  potassium,  nitrate  and 
phosphate  of  potaasa,  salts  of  soda,  and  even,  though  with  some  diiBculty, 
sulphate  of  potassa,  dissolve  in  solution  of  acetate  uf  pota&sa,  the  presence 
of  these  salts  does  not  ii*terfere  with  the  estimation  of  the  boracic  acid ; 
however,  salts  of  soda  must  not  be  present  in  considerable  proportion,  as 
Euoridc  of  sodium  dissolves  with  very  great  difficulty.     The  rt^sults  ob- 
tained by  this  method  are  satisfactory,     8tromeyek'*s  experimenti^  gavd 
from  97*5  to  ltH)*7,  inste^id  of  100.     For  the  composition  and  propertiet 
of  borofluoride  of  jiot^ssium,  see  §  93,  5.     As  the  salt  is  very  likely  to 
contain  ailicoduoride  of  potassium  it  is  indispensable  to  test  it  for  that  sub- 
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tliU  is  done  hy  placing  a  small  sample  of  it  on  moist  blue  litnjua 
r,  and  puttiiig  another  sample  into  cold  concentrated  siilphiiric  acid. 
'  the  hixte  paper  turns  red,  and  effervescence  ensoes  in  the  sulphuric  acid, 
tlie  salt  is  impure,  and  contains  silicoHuoride  of  potassium.  To  remove 
tiiis  impurity,  dissolve  the  remainder  of  the  salt,  after  weighing  it,  in 
boiling  water,  add  ammonia,  and  evaporate,  redksolve  in  boiling  water, 
add  ammonia,  <tc*,  rei»eating  the  same  operation  at  le^at  six  times.  Finally, 
af^er  warmiiig  orn>?  more  with  ammonia^  tilter  off  the  silicic  acid,  eva[iorate 
to  drvnesas,  and  ti*eat  again  M-ith  solution  of  acetate  of  potassa  and  alcohol 
{A.  YEK*).     I  wivs  obliged  to  modify  8tromeyer*8  method  for 

«lfh  sepai'ation  of  the  silicic  jud^l,  the  rcHults  of  my  exjjerimenta 

luiTiug  convinced  me  that  treating  the  salt  only  once  ^^tli  ammonia,  as 
^    woonmiended  by  that  chemist,  is  not  su^eient  to  effect  tlie  ohject  in  view* 

^^y       n.   Sfparation  of  Botacic  Acid  from  ikA  BaaeM. 

■  a,  F)rom  th«  Alhdus. 

■  IHssolve  a  weighed  quantity  of  the  borate  in  water,  add  an  excess  of 
H  ti3pclroch!oric  a^iid,  and  evaporate  the  solution  on  the  water-bath,  To- 
H  vmrdi  the  end  of  the  ojieration  add  a  few  more  drops  €»f  hydrochloric 
H  icitl^atid  keep  the  rcvsidue  on  the  wat^*r-bath,  until  no  inoie  hydrochloric 
i      ftcid  vapors  escape.     Determine  now  the  chlorine  in  the  rcKidue  (§  111), 

t  calculate  from  tliia  the  alkali,  and  you  %ill  tind  the  boracic  acid  from  the 
difimn^e. 
R  ScwvElZER,  with  whom  this  method  originated,  states  that  it  gave 
him  very  Katisfiictory  rewjlt.s  in  the  analjaia  of  borax.  It  will  answer 
•lim  f(kr  fhr^  e.Htimation  of  the  bit.s*?«  in  the  case  of  some  other  borates.  It 
is  t  that  the  boracic  acid  may  be  estimated,  in  another  portion 

of  '  ,  Ty  I.,  1,  c,  or  2.     If  you  have  to  esitiniate  horacic  acid  in 

prr^nce  of  large  proportions  of  alkaline  salt.s,  make  the  fluid  alkaline 
with  |>orajisa,  evapoi*ate  to  dryness,  extract  the  rciiidue  with  alcohol  and 
Bottie  hydrochloric  acid,  add  solution  of  potassa  to  strongly  alkaline  re- 
L       irtion,  distil  off  the  spirit  of  -wine,  and  itien  proceed  as  in  L,  1,  c,  or  2 

I         (A CO,  8TBOMEYER,  loc,  cU,), 

h»  J*rom  aimost  all  other  Ba^es, 

The  coniju^unda  are  decomposed  by  boiling  or  fusing  with  carbonate 
or  hydrate  of  potasaa;  the  precipitated  base  is  filtered  ofl',  and  the  boi*a- 
dc  add  determined  in  the  hltmte,  according  to  the  directions  of  I.,  1,  r, 
or  2.  If  magnesia  wius  present,  a  liti!o  of  this  is  very  likely  to  get  into 
IImj  filtrate,  and^^if  jirocess  I,,  2,  is  employed— upon  neutralizing  with 
bydrnfluoric  acid,  this  separates  as  insoluble  fluoride  of  mdgnesium, 
which  may  either  be  filtered  off  at  once,  or  removed  subserpjeiitly,  by 
trmting  the  boro- fluoride  of  potassium  with  iMjiling  water,  in  which  that 
ult  hi  soluble,  and  the  fluoride  of  magneaimn  insoluble. 

''*  Frmn  //u?  JfHallie  Oxides  ofths  FhnrthyFifth  and  Sixth  (rr&iips. 

Tlie  metallic  oxides  are  precipitated  by  Kulphuretted  hydrogen,  or,  aa 

tbecasc  may  Vie,  sulphide  of  ammoninm,  and  determined  by  the  appro- 

jirinte  Jnethoda.     The  quantity  of  boracic  acid  may  oft^u  be  inferred 

tbe  loss.     If  it  has  to  be  estimated  in  the  direct  way,  the  filtrate, 

ifter  addition  of  solution  of  potassa  and  some  nitrate  of  potassa,  is  eva- 
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? orated  to  diyneaa,  the  residue  ignited,  and  the  bomcic  acid  pstimated  ^ 
.,  1  r,  or  2.  In  cases  where  the  metal  has  been  precipitated  hj  su 
phiiretted  hjdrogen  from  acid  or  neutral  solutiona,  tie  boracic  acid  tix^^ 
also  be  determined  in  the  filtrate— in  the  absence  of  other  acidH — l^ 
I.,  1  a  or  b^  aft^r  the  conijilete  removal  of  the  sulphuretted  hjrdrug^^ 
by  transmitting  carbonic  acid  through  the  fluid. 

c?.  Frofih  the  whole  of  tJie  F'bctji  Sases, 

A  portion  of  the  very  finely  pidveiized  compound  under  examinati^ 
is  weighed,  put  into  a  cajiacious  platinum  dish,  and  digested  with  a  f^xzit 
ficient  quantity  of  hydrofluoric  acid  ;  pure  concentrated  sulphuric  aci^7  ^ 
then  gradually  added,  drop  by  drop,  and  the  mixture  heated,  gentler  ^^ 
first,  then  moi'e  strongly,  until  the  excess  of  the  sulphuric  acid  is  com- 
plrtely  expelled.     In  this  operation  the  boracic  acid  goes  off  in  the  fonii 
of  fluoride  of  boron  (B  0,4-3  H  Fl^B  Fl^H-S  H  O).     The  residue  con- 
tains  the  baaea  in  the  form  of  sulphates ;  the  bases  are  determined  hf 
the  appropriate  methods,  and  tlje  quantity  of  the  boracic  acid  is  infefred 
from  the  cJilft?ronce  between  the  weight  of  the  separated  base  luid  that  of 
the  aimlyzed  borate,     llie  application  of  this  method  presuppo&es,  of 
coui-se,  that  the  analyzed  compound  ia  decomposable  by  sulphuric 

§  137. 
3.  Oxalic  Acid. 
I.  Detm'fnmaitMn. 

Oxalic  acid  is  either  precipitated  as  oxalate  of  linte^  and  the  kte 
determined  as  carbonafs  of  lime  *  or  the  amount  contained  in  a  com* 
pound  is  inferred  from  the  quantity  of  aohition  of  permaDganale  <rf 
potassa  required  to  efl^ect  the  convemon  into  carbonic  acid  ;  or  from  the 
quantity  of  g<jld  which  it  reduces ;  or  from  the  amount  of  carbonic  acid 
which  it  yiehlij  u{»on  accession  of  1  eq.  oxygen- 

a,  Deierminathn  as  Carbonate  of  Z,ime. 
Precipitate  with  solution  of  acetate  of  lirae,  added  in  moderate  exceffli 

and  treat  the  preci[*itated  oxalate  of  lime  as  directed  in  §  103.  If  diis 
method  is  to  yield  accurate  results,  the  solution  must  be  neutral  or  slij,'hik 
acid  with  acetic  aeid  /  it  mu8t  not  contain  alumina,  sescjuioxide  of  chro- 
miiim^  or  oxides  of  the  heavy  metals,  more  especially  sesquioxide  of  inm 
or  oxide  of  co|q>er;  therefore,  where  these  conditions  do  not  exist,  ihej 
must  lirbt  be  supplied, 

b,  Det^rmutntion  hj  mfans  of  Solution  of  Pemmngajtale  of  p0taM$t 
Determine  the  strength  of  the  solution  of  permanganate  of  [K>tas3ii,tl 

directed  p.  190,  <?r,  by  means  of  oxidie  acid  ;  then  dissolve  the  comjKittltfi 
in  w^hieli  th«j  oxalic  acid  is  to  be  estimated,  aiid  whicli  must  bo  fnse  fro© 
all  other  bodies  that  might  act  on  solution  of  permangiaiate  of  potassii 
in  4(H>  or  500  parts  of  water,  or,  as  the  case  may  b*^,  acid  and  water ; 
add,  if  necessary,  a  furtherj  not  too  small,  quantity  of  sulphuric  Acidi 
heat  to  about  tiO^,  and  then  aild  the  permimganate,  drop  by  drop,  with 
ooDAtant  stirring,  until  tht^  fluid  just  shows  a  red  tint  (compare  p.  I&6)» 
Knowing  the  quantity  of  oxalic  ac^id  which  100  c.  c,  of  the  standard  p6r* 
manganate  will  oxidise,  a  simple  calculation  will  give  the  quantity  of 
oxalic  aeid  corresponding  to  the  c,  c.  of  permanganato  used  in  the  flX- 
periment.     The  results  are  very  accurate. 
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e*  J}^i&nmnal{on  from  the  reduced  Gold  (H^Bose). 

ot,  Jn  Compounds  soluble  in  Water ^ 

Add  to  the  solution  of  the  oxalic  acid  or  the  oxalate  a  solution  of 
aodio-terchloi-ido,  op  ammonio-tcrchloride  of  gold,  and  digest  for  some 
time  at  a  teinfieratTiro  near  ebullition,  with  eicclusion  of  direct  sunlight. 
Collect  the  precipitated  gold  on  a.  filter,  wash,  dry,  ignite,  and  weigh. 
1  eq.  gold  (IDO)  corresponds  to  3  erp  U,  O;,  (3x3G=108). 

^,  In  Compouruh  insoluble  in  IVater, 

Dissolve  ill  the  least  possible  amount  of  hydrochloric  acid,  dilute 
with  a  very  large  quantity  of  water,  in  a  capacious  flask,  cleaned  pre- 
viously witli  solution  of  soda;  udd  solution  of  gold  in  excess,  boil  the 
mixture  some  time,  let  the  gold  subside,  taking  care  to  exclude  sunlight, 
aad  proceed  as  in  a. 

(2.  DeUrmination  as  Carbonic  Acid, 
I  This  may  be  effected  either, 

et.  By  the  method  of  organic  analysis  {§  1T4) ;  or, 

^,  By  mixing  the  oxalic  acid  or  oxalate  with  finely  pulverized  binox- 
tde  of  manganese  in  excess,  and  adding  sulphuric  acid  to  the  mixture,  in 
an  ap[iaratu8  so  constructed  that  the  disengaged  carbonic  acid  passes  off 
perfectly  dry. 

The  theory  of  this  method  may  be  illustrated  by  the  following  equor 
lion : 

C,  0,+Mn  O3+9  0,^Mn  O,  8  0,+2  C  O^ 

For  each  1  e<|.  oxalic  acid  we  obtain  accordingly  2  eq.  carbonic  add* 

For  the  apparatus  and  prcicess,  I  i-efer  to  the  chapt-er  on  the  examination 
of  manganese  ores,  in  the  special  piirt  of  this  work.  Heiv  1  may  remark 
that  free  oxalic  acid  must  lirst  be  prepared  for  the  process  by  slight 
supersaturation  with  ammonia,  ami  also  that  9  parts  of  anhydrous  ox- 
ftho  acid  requii'e  theoretically  1 1  pai'ts  of  (pure)  binoxide  of  manganese. 
Sinoe  an  excess  of  the  latter  substance  does  not  interfere  with  the  accu- 
racy of  the  reaulta,  it  is  easy  to  find  the  amoimt  to  be  added.  The 
bitioxide  of  manganese  need  not  be  |)ure,  but  it  must  contain  no  carbon- 
ate. Thia  method  is  expeditious,  and  gives  very  accurate  results,  if 
the  process  ia  conducted  in  an  apparatus  sufficiently  light  to  admit  of 
the  use  of  a  delicate  balance. 

Instead  of  binoxide  of  manganese,  ckromate  of  potassa  may  be  used  ; 
(compare  g  130,  c.) 

II*  Separaium  of  OxcUic  Acid  from  the  ^ctMes, 

The  most  convenient  way  of  analyzing  oxalates  is,  in  all  caaeiy  to 
determine  in  one  portion,  the  acid^  by  one  of  the  methods  given  in  L,  in 
•nother  portion,  the  ba^e,  particularly  as  the  latter  object  may  be  gene- 
imlly  ert'octetl  by  simple  ignition  in  the  air,  which  reduces  the  salt  either 
to  thf>  metallic  state  {e.  //.,  oxalate  of  silver),  or  to  pure  oxide  {e,  //.  oxa- 
late of  lejid),  or  to  carbonate  (r,  ^.,  the  oxalates  of  the  alkalies  and  alka- 
line earths.) 

If  acid  and  base  have  to  bo  determined  in  one  and  the  same  portion 
of  the  oxalate,  the  following  methods  may  be  resorted  to: 

a.  The  oxalic  acid  ia  determined  by  L,  c,  and  the  gold  separated  from 
the  bosee  in  the  filtrate  by  the  methods  given  in  Section  Y« 
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b.  Id  many  soluble  isalts  the  oxalic  acid  may  l^e  dtstarmined  hy  ike 
method  I,,  a;  Beparating  the  babies  aft^Twarda  from  the  excess  of  the 
Bait  of  lime  by  the  methods  given  in  Sectiou  Y. 

c.  Many  oxalates  whose  base^  ai*e  precipitated  by  carbonate  of  potassa  , 
or  carbouate  of  soda,  and  are  insoluble  in  an  excess  of  the  precipitant^  I 
nmy  be  decomposed  by  boiling  with  an  excess  of  solution  of  cairbonata  * 
of  potas&a  or  carbonate  of  soda,  oxide  or  carbonate  being  formed  on  the 
one,  and  alkaline  oxalate  on  the  other  side. 

d.  All  salts  uf  oxalic  acid  with  the  oxides  of  the  fourth,  fifth,  and 
sixth  groups,  may  be  decomposed  with  sulphuretted  hydrogen^  or  mil- 
phide  of  ammonium. 

§138. 
4.  Hydrofluoric  AcH). 

I,  Determinalion. 

Free   hydrofluoric   acid  in   aqueous  solution  is  best  deter 
fluorvie  of  calcinuK      For   this    purpose^  carbonate  of    soda  is  added  I 
in  moderate  excess,  then  a  solution  of  chloride  of  calcium  as  long  as  A 
precipitate  continues  to  form ;  when  the  precipitate,  which  coniiihts  of 
iUiorido  of  calcium  and  carbonat-e  of  lime^has  subsided,  it  is  wa&hed,  firat  i 
by  decantation,  afterwards  on  the  filter,  and  dried ;  when  dry,  it  is  ignited  | 
in  a  platinum  crucible  (§  53) ;  wat^r  is  then  poui'ed  over  it,  in  a  platinum 
or  porcelain  dish,  acetic  acid  added  in  slight  excess,  the  mixtui'e  evaporated  I 
to  drvnesa  on  the  water-bath,  aud  heated  on  the  latter  until  all  odor  of  1 
acetic  acid  disappears.    The  residue,  which  consists  of  fluoride  of  calcium  I 
and  acetate  of  lime»  is  ht-ated  with  wat^r,  the  fluoride  of  calcium  tiltered 
off,  washed,  dried,  ignited  (§  63),  and  weighed.     If  tlie  [>recipitate  of  j 
fluoride  of  calcium  and  carlKiaatt)  of  lime  wei^e  treated  with  acetic  acid,  J 
without  previous  ignition,  the  washing  of  the  fluoride  would  provQ  a  I 
difficult  operation.     Presence  of  nitric  or  hydrochloric  acid  in  the  aqiie*  j 
ous  solution  of  the  hydrofluoric  acid  does  not  interfere  with  the  prooev 
(H.  Hose). 

II,  Separation  of  I*^luorine  from  the  Metals, 

If  the  solutions  have  an  acid  reaction,  cai'bonate  of  soda  is  added  in 
excess.     K  this  produces  no  precipitate,  the  fluorine  is  determined  by  ] 
the  method  given  in  L,  and  the  bases  in  the  tiltrate  are  separatt^d  from  J 
the  excess  of  liuu*,  and  from  the  soda,  by  the  methotls  given  in  Sectioul 
V»     But  if  the  carbonate  of  Koda  produces  a  precipitate,  the  mixture  if  1 
heated  to  boiling,  then  flltej*ed,  aud  the  fluoiine  determined  in  the  fil-j 
trate  by  the  method  given  in  I.;   the  base  is  in  the  residue,  which  must|i 
however,  flrst  be  te^^ted,  to  make  sure  that  it  cont^tins  no  fluorine.     Neu-i 
tral  solutions  are  mixed  \\'ilh  a  sulficient  quantity  of  chhjride  of  calcium,! 
and  the  mixture  heated  to  boiling  in  a  platinum  dish,  or,  but  less  apl 
jiropriately^  in  a  porcelain  dish ;  the  precipitate  of  fluoride  of  calciimi  idj 
allowed  to  subside,  thoroughly  washed  wHth  hot  water  by  decantatioii,-| 
transferred  to  tlie  filter,  dried,  ignited,  and  weighed.     The  bases  in  the 
filtrate  are  then  separated  from  the  excess  of  the  salt  of  lime  by  the 
usual  methods,     Tliat  the  bases  may  be  det^^rmined  also  in  separate  poF- 
tions  by  the  methods  given  in  hj  need  hardly  be  stated* 
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at.  Anhf/drmiA  insofuble  Fltu/rides, 
The  finely  i>ulvemed  and  acctirat-ely  weighed  aubatanc©  is  heated  for 
lome  tune  with  jmre  concentrated  sulphuric  acid,  and  finally  ignited  until 
the  free  sulphiuic  acid  m  completely  ex iKdled.  The  residuary  sulphate  is 
weighed,  iwid  the  metal  contjiined  in  it  ealcidat^jd.  Hie  diiierence  between 
the  cjdculated  weight  of  the  metal  and  that  of  the  ori^nid  fluoride  ghows 
'_'  lunount  of  fluorine  originally  present  in  the  analyzed  compound.  In 
ases  where  we  have  to  deal  with  a  metaJ  whose  BulpHate  gives  of!'jmi*t  of 
the  sidphunc  lU'id  ujiou  i|j;nition,  or  where  the  residue  contains  several 
mtitals,  it  is  nece*iRary  to  subject  the  residue  to  analysis  before  this  cal- 
inUatiou  can  be  made. 

^,  ffydrat^'ii  inmhthl^ J^ittot'idejg, 

A  sample  of  the  compound  luider  examination  m  heated  in  a  tuho, 

tuin    The  Water  exjtell^  doea  nai  redden  Litmus  Paper* 
In  this  ca.se  the  amount  of  water  present  is  ascertained  hy  igniting  the 
bydrateti  compound,  and  the  Huorine  and  metal  are  subsequently  deter- 
mined aa  directed  in  IL,  h.tt, 

hb.    The  Wat^T  exjielM  kan  mi  and  reaction. 

The  fluoride  under  examination  is,  in  the  first  place,  treated  with  sul- 
phuric acid,  as  directed  in  IT.,  h^  or,  to  determine  the  metal  on  the  one  hiind, 
and  the  water  -f  finorine  on  the  other.  Another  weighed  portion  is  then 
mixed,  in  a  f^mall  retort,  with  about  6  parts  of  recently  ignited  oxide  of 
1 ;  the  mixtnre  i»  covered  with  a  layer  of  oxide  of  lead,  the  retort 
ghed,  and  the  watar  expelled  by  the  application  of  heat,  increased 
ftduatly  to  redness.  No  hydrof^uonc  acid  efica|»ea  in  this  pnyceas.  The 
ght  c»f  the  expelled  water  is  infen-ed  from  the  loss.  The  first  ojieration 
Iring  given  ua  the  water  +  flnorine,  and  the  second,  the  water  alone,  the 
Serence  is  conserjnently  the  fiuorine. 

In  Uie  fifth  section  we  shall  liave  occasion  to  speak  of  another  metliod  of 
determining  fluoiiue  (in  the  chapter  on  the  separation  of  fluorine  from 
silicic  acid)* 

JFhurth  Divisum  of  tfis  First  Chmtp  of  the  Acids, 
Carbonic  Aoid — SiLit^ic  Acm, 

§  139. 

1.  Cabbokic  Acid. 

I.  Deiermination, 

t  a  misEiure  of  Gftses, 

thoroughly  drying  the  gasen  with  a  ball  of  chloride  of  calcium, 
mflOAure  them  accurately,  in  a  graduated  tube  over  mercury,  insert  a 
moistened  ball  of  hydrate  of  potaasa,  CASt  on  a  platinum  wire  in  a  pistol 
buliet-mouhl,  and  leave  this  in  the  tube  for  24  hours,  or  until  the  volume 
of  the  gas  oea»ea  to  show  further  diniinutioD  ;  withdraw  the  ball,  antl 
mewBure  the  gas  remaining,  re-insert  the  same  or  a  fresh  moistened  bull  of 
potaasa  and  repeat  till  no  further  absorption  takes  place.  ITie  carbonic 
add  gas  is  inferred  from  the  difference,  provided  the  gaseous  mixture  con- 
tttiied  no  other  gas  liable  to  absorption  by  potassa  (compare  §§  12-16). 
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If  the  amoiiDt  of  carbonic  acid  is  very  smaU,  tlus  process  does  not  yield  i 
sufficientlj  accurate  results.  In  such  cases  one  of  the  methods  ftecom-  | 
mended  for  the  estimation  of  carbonic  add  in  atmospheric  air  (see  §  ^1) 
should  be  employed. 

6.  Jn  Aqueous  SoliUion, 

a.  With  Hydrate  op  Lime» 

Into  a  flaak,  holding  about  300  c»  c,  and  provided  with  a  good 
rubb*^r  cork,  put  2  to  3  grni.  hydrnte  of  liiwe  perfectly  free  from  carl 
at«,*  tare  or  weigh  exactly,  add  th^  carbonic  acid  water,  cork  imm^ 
ately  and  weigh   again.       (If  the  water  is  measured  with   %  pi 
syphon,  of  course  this  mride  of  ascertaining  the  amount  of  water  em- 
ployed is  8U[jerfIuou)^.)      Ht^t  the  contents  of  the  flask  for  some  tiine 
in  a  water-bath  (mising  the  coik  every  now  and  then)  to  hasten  the  con- 
version of  the  amori^lioua  carbonate  of  lime  into  the  crystalline,  and 
pour  off  the  clear  fluid  as  oompleti^ly  as  possible  without  disturbing  the 
precipitate  through  a  small  ribbed  filter.     This  operation  is  soo© 
ished,  and  the  filter  is  at  once — without  washing — ^thrown  into  the 
containing  the  precipitate?  and  the  rest  of  the  fluid  ;  the  carbonic  acid 
determined  now  according  to  IL,  e\  or,  if  the  carbonic  acid  wat«r 
biiiis  bicarbonate  of  an  alkali,  it  is  well  to  add,  besides  the  hydrate  of 
lime,  also  enough  chloride  of  calcium  to  decompoise  the  alkaline  car- 
bonate. °" 


\  the 
ad^H 
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3.  Aftek  Fettenkofer,  f 

The  principle  of  this  simple  and  expeditious  process  consists  in 
mixing  the  carbonic  acid  water  with  a  measured  quantity  of  standafd  ' 
lime-water  (or,  binder  certain  circumstances,  baryta  water)  in  ejccesi.  ' 
After  complete,  sepanition  of  tlie  carbonate  of  lime  the  excess  of  alkaline 
earth  in  the  fluid  m  lietermined  in  an  aliquot  jmrt  by  means  of  stiuid-  .~J 
ard  solution  of  oxalic  acid  ;  the  diflerence  gives  the  lime  precipitated  bf  ^| 
the  carbonic  acid,  and  conaef|ueDtly  the  amount  of  the  latter  presejiC^      ^\ 

If  a  water  contains  only  free  caj-1  ionic  acid,  the  analyst  has  only  to 
bear  in  mind  that  the  carbonate  of  lime  fJirmed  is  at  first,  as  long  as  it 
remains  amor|diouB,  %'ery  i)erceptibly  soluble  in  water,  to  which  it  com- 
municatea  an  alkaline  reaction.  Hence  tlie  un precipitated  lime  in  th^ 
fluid  cannot  be  etitimated  till  the  C4irbonate  of  lime  has  aepai-ated  in  the 
crystalline  form — this  takes  8  or  10  hours  if  the  mixture  is  not  w^armed 
to*70°or80^. 

If,  on  ih^  contrary,  a  water  contaijis  an  alkaline  carbonate  or  any 
other  alkaline  salt  whose  acid  would  be  precipitat-ed  by  lime^  a  neutral 
soKition  of  chlnnde  of  calcium  must  first  be  added  to  decompose  the 
.name.  This  addition,  too,  prevents  any  inconvenience  arising  from  the 
presence  of  free  alkali  in  the  lime-wat-er  or  of  carbonat-e  of  magnesia  in 
the  carlxuiic  acid  water ;  this  inconvenience  consists  in  the  fact  that 
oxalate  of  an  alkali  or  of  magnesia  enters  int-o  di>uble  dec-omposition 
with  carbonate  of  lime  (which  is  never  entirely  absent  £i*om  the  fluid  to 

*  This  ifl  prepared  by  alaking  freshly  burnt  lime  with  water  in  such  a  manner 
that  the  hydrate  obtained  appears  dry  and  pulTerulentk,  Should  it  cxjntuin  carbouio 
add  (as  may  be  f^een  by  putting*  a  portion  into  hydrochloric  acid)  it  is  ignited  m 
a  current  of  air  free  from  oarbonic  acid  in  a  tube  of  difficultly  fusible  glass  plaoed 
in  a  oombnBtion  fumace, 

f  Buohner's  neaea  Bepert  10,  1. 
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^«i  of  lime  &nd  carbonate  of  the  alkali  or  of 
ourse  again  take  tip  oxalic  add. 

U«  in  carbonic  at^id  water,  in  order  to 

*«ift,  H  little  chloride  of  ammonium 

it  must  not  be  applied  to  induce 

ixib>  luuiY)  f^iiickly  ciystaiiine,  as  ammonia 

ug  to  be  done  is  to  aacertaia 

w  standard  solution  of  oxalic 
8ulutiou  by  dissolving  2 '8(5 3 G 
1  uxalic  acid  to  I  litre;  1  c.  c.  of 
iiio  Hciii.  The  liine  water  is  stand- 
^.  ,..,,...  i-)  1-.  c.  into  a  little  flask  which  can  be 
iiiib,  aritl  then  run  in  from  the  burette  the  eolution  of 
.1  in  I  rlir  alkftUne  reaction  has  just  vaniahed.  During  the 
tl^rt  fiiwk  i»  closed  with  the  thumb  and  gently  shaken .  The 
jnc»d  as  soon  as  a  drop  taken  out  with  a  glass  rod  and  applied 
fctit  turuiPHc  pajier  produces  no  brown  ring.  The  first  experiment 
'luijli  one,  tlie  secivnd  should  be  exact ♦ 
i  I  uuAtrfds  of  a  civrbonic  acid  water  (a  spring  water,  for  instance)  is 
p?ni>rmeti  by  transferring  lOU  c»  c.  to  a  dry  tlask,  adding  3  c.  c.  of  a 
afiilral  and  nearly  eaturuted  solution  of  cldoride  of  calcium  and  2  c*c.  of 
iMturated  solution  of  chloride  of  ammotiium,  then  45  c.  c.  of  the  stand* 
ifd  lime  water ;  close  the  Bask  w^ith  an  india-rubber  cork,  shake  and  allow 
lo stand  1 2  hours.  The  iluid  contents  of  the  Hask  measure  con,sef|uently  1 50 
c  c  From  the  clear  fluid  take  out  by  means  of  a  pipette  two  portions 
of  50  c,  c  each,  and  determine  the  free  lime  by  means  of  oxalic  acid,  in 
ti!ie&vt  portion  ap*proximately,  in  the  second  exactly.  Multiply  the 
C  c  used  in  the  last  experiment  by  3  and  deduct  the  product  from  the 
C  «u  of  oxalic  acid  which  correspond  to  45  c.  c.  of  lime  water.  The  dif- 
fiBveaoe  shows  the  lime  precipitated  by  carbonic  acid;  each  c.  c,  corre- 
^nds  to  1  mgrm.  carbonic  acid. 

The  method  is  convenient  and  good ;  it  is  especially  to  be  recom- 
loeDided  for  dilute  carbonic  acid  water.  In  water  containing  much  car- 
btmic  add  it  is  well  to  replace  the  lime-  by  baryta  water;  compare  the 
dfsterminatiou  of  carbonic  acid  in  atmospheric  air,  §  241. 


II.   SeparcUion  of  Carbonic  Acid  from  the  MaseSy  and  its 
EHimaiioTh  in  Vurbonat^, 

Ok  Sepamticn  from  I^eutral  Carhtmales  of  Alkalits  and  the  Alkaline 
JCartliJt. 

If  the  sidts  contain  unquestionably  1  eq.  carbonic  acid  to  1  eq.  base, 
md  there  is  no  other  sidt  with  alkaline  reaction  j* resent,  we  may  deter- 
mine the  tfjuantity  of  the  base  by  the  alkaliraetrie  method  (g§  207, 
208,  2U1),  and  calculate  for  each  1  eq.  base  1  eq,  carbonic  acid. 

t.  Separation  from  Bases  which  itpon  Ignilicm  rmdUy  a/nd  completely 

jfid^l  the  Carhitmc  Aeul  with  which  they  are  <^>fMned, 
Such  are,  for  instance,  the  carbonates  of  zinc,  cadmium,  lead,  copper, 
mgDeaia,  dbc. 

a.  Anhydrous  Carbonaieg. 

Igaite  the  weighed  substance  in  a  platinum  crucible  (carbonates  of 
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cadminm  and  lead  in  a  porcelain  crucible)^  ontil  ih»  ii«i|^t  of  the  rancbe 
remaiiiA  coiiBtant.  The  results  are,  of  coume^  venr  aodtmle.  BubstaDMi 
liable  to  absorb  oxygen  upon  ignition  in  the  air  are  ignitfid  in  a  bulb- 
tube,  through  which  a  stretam  of  dry  carbonic  acid  gu  is  oondiHrtML  "Qtt 
carbonic  acid  is  inferred  from  the  loss* 

S.  Ifi/drated  CarhonaUs, 

The  substance  is  ignited  in  a  bulb-tube  through  which  dried  air,  or, 
in  presence  of  oxifllzable  substances,  carbonic  acid  is  transmitted,  aud 
which  is  connected  with  a  chloride  of  calcium  tube,  by  means  of  a  dry, 
close-fitting  cork.  During  the  ignition,  the  posterior  end  of  th<?  bulb- 
tube  is,  by  means  of  a  small  lamp,  kept  sufficiently  hot  to  prevcat  the 
condensation  of  water  in  it,  care  being  taken,  however,  to  guard  against 
buniing  the  cork.  The  loss  of  weight  of  the  tube  gives  the  amount  of 
the  water 4- the  carbonic  acid;  the  increase  of  weight  gained  by  the 
chloride  of  culoitim  tube  givea  the  amount  of  the  water,  and  thie  differ- 
ence  accordingly  that  of  the  carbonic  acid«  A  somewhat  wide  glaits  ttibe 
may  also  be  put  in  the  place  of  the  bulb-tube,  and  th%Buhstance  intrcv 
duced  into  it  in  a  little  boat,  which  is  weighed  before  and  after  the 
operation, 

c  Sipamiion  ^rom  all  SoMa,  without  excepdon^  in  Anhf/droiLg  C^ 

nates. 

Fuse  Titrified  borax  in  a  weighed  platinum  cnicible,  allow  to  cooll 
the  desiccator,  weigh,  then  transfer  the  well-dried  substance  to  the  crucil 
and  weigh  again,     llie  weights  of  both  carbonate  and  borax  are  tk 
asi'ertained.     They  should  be  in  about  the  proportion  of  1 :  4» 
then  applied,  which  is  gradually  increased  to  redness,  and  maintainedj 
this  tem|>erature  until  the  contents  of  the  crucible  are  in  a  state  of  c 
fusion*     The  crucible  is  now  allowed  to  eool,  and  weighed.     The  loesil 
weight  is  carbonic  add.     TTie  results  are  very  accurate  (StiiAFroo 

I  must  add  that  borax-glass  may  be  kept  in  a  state  of  fusion  at  a  red 
heat  for  |^  to  ^  an  hour  without  the  occurrence  of  any  volatilncation,  hot 
that  at  a  white  heat  (by  igniting  over  the  gas-bellows),  even  in  a  ISsw 
minutes,  it  suffers  a  decided  loss,*  A  few  bubbles  of  carbonic  add 
remaining  in  the  fusing  mass  ai^  mthout  any  inBuenoe  on  the  reeult. 

d.  Separation  from  aU  liases  without  eaectpHcn. 

{Estimation  ofths  Acid  from  the  lou  of  weight) 

aa.  Varhonates  whoMg  Bases  fonn  Soluhh  Salts  with  Snlphurie 
The  process  is  conducted  in  the  apjwiratiis  illustrated  by  tig,  63.  -- 
The  size  of  the  flasks  dependH  upon  the  capacity  of  the  balance  ' 
the  operator  possesses.  Tlie  lube  a  is  closed  at  b  by  means  of  a  small 
wax  stopper ;  f  the  other  end  of  tlie  tube  a  is  open,  as  are  also  both  endi 
of  c  and  d.  The  Hii-sk  JJ  in  nearly  half  filled  with  concent rat^l  sulphuric 
acid ;  the  tiibi^s  must  fit  air-ti^ht  in  the  y^erfc:* rations  of  the  corka,  and  the 
latt^'r  etjually  so  in  the  mouths  of  the  flasks.  The  weighed  substance 
is  put  into  A  ;  this  flask  in  thee  filled  about  one-third  with  water,  the 
cork  properly  inserted,  and  the  apparatus  tared  on  the  balance. 


•  Zeitschrift  f.  analyt.  Chem.  1,  65. 

f  Or  witb  a  Hniall  piece  of  iiidia-Tubber  tube,  drawn  over  it,  and  having  iaaeKted 
in  the  other  end  a  short  piece  of  glass  rod. 
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A  few  babbl^i  of  air  are  now  sucked  out  of  </,  by  meanfl  of  a  small  india^ 
rubber  tube.  ThiB  tsenres  to  rarefy  the  air  in  .4  also,  and  cauaes  the  aul- 
]ihiirie  acid  in  J?  to  ascend  in  the  tube  c.  The  latter  b  watched  for  some 
time,  to  ascertain  whether  the  column  of  sulphuric  acid  in  it  remaina 
itationarjf  which  is  a  proof  that  the  apparatus  ia  air- tight.  Air  ia  then 
i^ain  sucked  out  of  </,  which  causes  a  por- 
tion of  the  milphuric  acid  to  flow  over  into 
-1.  The  carbonate  in  the  latter  flask  is 
decomposed  by  tlie  sulphuric  acid,  and 
fke  liberated  carbonic  acid,  completely 
dried  in  its  passage  through  the  concen- 
trated sulphuric  acid  in  2^,  escapes 
thrOQgb  d.  W^ien  the  evolution  of  the 
gu  slackens  a  fre»h  portion  of  sulphuric 
■cid  ia  made  to  pass  over  into  yl,  by  re- 
newed suction  through  d/  and  the  same 
operation  is  repeated  until  the  whole  of 
the  carbonate  is  decomposed,  A  uiore 
▼i^oTous  suction  is  now  appUeil,  to  make 
a  largeir  amount  of  sulphuric  acid  pass 
OTer  into  A^  whereby  the  contents  of  that 
hjsk  are  considerably  heated ;  when  the 
evolution  of  gas  bubbles  has  completely  Fig.  53. 

CMsedf  the  wax  stopi>er  on  a  is  opened, 

Ovthfi  glass  rod  removetl  from  the  inJia-mbWr  cap,  and  suction  applied 
to 4^  until  the  air  sucked  out  tastes  no  longer  of  carbonic  acid.* 

Alter  about  3  hours,  the  app^aratus  is  rejilaccd  upon  tlm  balance,  and 
^  equilibrium  restored  by  additional  weights.  The  sum  of  the  weights 
ao  added  indicates  the  amount  of  carbonic  acid  originally  present  in  the 
nsbstanoe. 

If  tbe  fiaaka  A  and  ^  are  selected  of  sroall  size,  the  apparatus  may  be 
80  eonstructed  that,  together  with  the  contenta,  it  need  not  weigh  alwve 
wsfeaiy  grammes,  ad adt ting  thus  of  being  weighed  on  a  delicate  balance. 
TheiMilte  obtained  by  the  use  of  this  apparutuSj  fii-st  suggested  by  Will 
ud  myself,  are  very  accurate,  provided  the  quantity  of  the  carbonic 
add  be  not  too  trifling.  Manifold  modifications  of  the  apparatus  have 
been  proposed,  principally  in  order  to  make  it  lighter.  See  Geibsler's 
Appaimtus,  p.  29  L 

If  sulphites  or  sulphides  are  present,  together  with  the  carbonates,  their 
injurious  influence  is  best  obviated  by  adcUng  to  the  carbonate  solution  of 
yellow  chromate  of  potassa  in  more  than  suiEcient  quantity  to  effect  their 
axidntion.  If  chlorides  ai*e  present,  in  order  to  prevent  the  evolution  of 
hydrochloric  acid,  add  to  the  evolution  flank  a  Rufficient  quantity  of  sid- 
pbate  of  silver  in  solution,  or  connect  the  exit  tube  d  with  a  Kmail  prepared 
U-tube,  which  is,  of  course,  first  tare<i  with  the  apparatus,  and  afterwards 
weighed  witli  it.  This  U-tube  is  prepared— in  accordance  with  the  happy 
btt^oaal  of  Stolba — by  filling  with  fnignients  of  pumice  which  have  been 
foiled  with  an  exceas  of  concentrated  solution  of  sulpliate  of  copper,  till 
the  air  has  been  expelled,  and  then  dried  and  heated  to  complete  dehy- 
dration of  the  copper  salt.  If  the  U-tube  is  only  8  cm.  high  and  has 
m  internal  diameter  of  1  cm.,  it  answers  the  purpose  very  well.     The 

*  In  aocamte  experiments^  it  is  sdviaable  to  connect  the  «nd  b  of  the  tube  a 
with  a  chloride  of  calcium  tube  during  the  process  ol  suction. 
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end  not  connecited  with  d  is  proTided  with  a  peifontted  oork  azud  ehort 
glass  tube.     We  apply  suction  to  this  by  means  of  a  flexible  tobey  iTimtfiiitf 

of  to  d 

hh.  Carbonates  whose  JlascM  fann  insfduhle  SalU  with  Sulphuric  Add. 
The  analysis  of  such  carbonates  cannot  well  be  effected  by  the  method 
cm^  as  the  insoluble  sulphate  formed  (sulphate  of  lime,  for  instatioe) 
partially  protects  the  yet  undecomposed  portion  of  the  carbonate  ^m 
deconiposiition.  The  apparatus  is  therefore  modified  as  shown  in  fig.  54. 
The  alteration  consists  simply  in  the  tube  a,  which  containa  a  bulb, 
and  is  drawn  out  to  a  fine  point  at  the  lower  end. 

The  process  is  conducted  as  follows  :  The  weighed  substance  is  put  into 
A^  together  with  water.  The  bulb-tube  a  contains  an  amount  of  dilute 
nitric  acid,  more  than  sufficient  for  the  decomposition  of  the  carbonate, 
and  which  is  prevented  from  Mowing  through  the  narrow  aperture  of  this 

tube  by  the  little  wax  stopjier  6**     The 
point  of  this  tube  must  not  at  fir^t  dip 
into  the  water  in  A,     The  apparatus 
having  been  tared  on  the  balance,  the 
tube  a  is  carefully  and  cautiously  mored 
down,  until  its  point  nearly  touches  the 
bottom  of  ^4 .     The  wax  stopper  6  is  then 
momentarily  raistd,  or  the  gln^s  rod  n?- 
naoved  from  the  india-mbber  cap,  so  aa 
to  allow  a  small  quantity  of  nitric  add 
to  flow  out  of  the  tube  a ;  and  the  same 
operation  is  repeated,  until  the  carbo- 
nate is  completely  decomposed.   The  con- 
tents of  A  are  then  heated  to  incipit^ct 
boiling,  the  stopper  at  b  remoTe<i,  acd 
the  carbonic  acid  sucked  out  of  the  sj-pa- 
ratiis  as  directed  in  aa.    The  diminutioo 
Fist.  54-  ^^  weight  is  ascertained  when  the  appa- 

ratus is  completely  cooled. 
It  will  be  seen  at  a  glance  that  a  dilferent  construction  may  abo  be  given  U) 
the  apparatus ;  that,  for  instance,  the  tube  C  may  be  connected,  instead  of 
with  B,  with  a  chloride  of  culeium  tube,  or  with  a  tube  filled  with  pimjic« 
stone  or  lu^beKtos  moistened  with  aulphuric  acid ;  also,  that  the  sulistiiiji'e 
to  be  analyzed  may  be  put  into  a  small  tube,  which  stands  upright  at 
first,  or  ia  Buspended  from  a  thread,  but  is  subsequently,  after  tan&g 
the  apparatus,  upset  or  lowered  into  the  dilute  acid  in  the  fiask ;  ak(S 
that  the  closing  of  a  may  bo  effected  by  means  of  a  compression  choB^ 
&c. 

The  apparatus!  proposed  by  Geissleb  f  is  very  convenient  (see  fig.  55)» 
It  consists  of  two  parts,  ^  t  J?  and  C\  C  is  ground  into  the  neck  of  A  (fl)p 
so  as  to  close  air-tight,  and  yet  admit  of  being  readily  removed,  fo' 
the  purpose  of  filling  and  emptying  A,  b  c  is  a  glass  tube,  open  at  both 
ends,  and  ground  water-tight  into  i.\  at  the  lower  end  (c)  ;  it  is  kept  m 
the  proper  position  by  means  of  an  easily  movable  cork,  i.  The  iHu** 
tration  shows  the  construction  of  the  apparatus  in  other  respecta,  1^^ 
cork  e  must  fit  air-tight,  as  muijt  the  tube  d  in  the  cork.     Tlie  weigii^ 


*  Or  india-rubber  cap,  with  glass  rod.    Bee  note,  p.  388 
f  Joura.  t  pmkt  Cbcm.  60,  S6. 


§  139.] 


OUIBOKIC  ACID. 


291 


[ice  is  put  into  A^  water  added  to  the  extent  indicated  in  the 
^bg^viBg,  and  the  substance  shaken  towards  the  side  of  the  flask.  C  is 
now  filled  nearly  to  the  top  with  dihite  nitric  aclci^  with  the  aid  of  a 
pipette,  after  having  preWously  turned  the  cork  *  upwanls,  without  raising 
0 ;  the  cork  is  then  a^in  twisted  down  again,  and  C  inserted  into  A;  I^  U 
^led  somewhat  more  than  half  with  concentra- 
ted iulphuric  aoid,  and  ft  closed  at  the  top  with 
a  little  wax  stopper,  or  a  pi*^e^  of  india-ruhber 
tube,  with  a  small  glass  rod  inserted  m  it.  After 
taring  tho  apjiaratitn,  the  d*:icouiposition  is  eftect- 
ed  hy  raiding  6  a  Ettle,  and  thus  causing  acid 
to  paj*8  from  C  into  A.  The  carbonic  acid 
e^-apos  through  k  into  the  sulphuric  acid,  where 
it  la  dried ;  it  then  leaves  tlie  apiiaratua  through 
<L  After  the  decomposition  has  been  eifected, 
A  ifi  cautiously  heated  to  ijicipient  boiling,  the 
Htopficr  on  6  opened,  and  tlie  carbonic  acid  still 
remaining  in  the  apparatuB  sucked  out  throtigh 
d  by  means  of  a  sraal!  india-rubber  tube.  The 
apparatus  ia  finally  weighed  when  cold. 

If  you  prefer  to  decompose  the  carb<jnate  with 
hydrochloric  acid,  dry  the  escapuig  gas  with  the 
pumice-stone  saturated  with  aidiydrous  sulphate 
of  copj>cr  (see  adj)^  which  also  retains  hydrrj- 
chloric  acid  as  well  as  the  moisture  (Stolba*), 
It  is  weU  to  fill  a  light  U-tube  with  this  material. 
The  «ize  of  the  Utube  should  depend  on  the 
tiie  of  the  apparatus.  It  can  be  used  as  long  as  a 
third  of  its  contents  i-emains  uncolored. 

[ec.  Carbonates  which  dissolve  freely  in  cold- 
dii%4t€i  acul.f 

In   the  processes  hitherto  descril>pd,  cai^bonic 
dd  is  determines!  by  the  loss  of  weight  of  anaj>*  Ym  55 

ratUA  which  oontaina  no  carbonic  acid  gas  at  tlie 

jinning  and  which  must  be  eompleU^ly  ejiiptitd  of  this  gas  at  the  con- 
eluaion  of  the  analysis.  It  is  a  matter  of  exfierience,  however,  that  accu- 
results  are  n^jt  attidimble  with  certainty  in  this  way.  Nothing 
t>rt  of  actnal  bulling  f< jr  sume  time  will  expel  all  carbonic  acid  gaa  from 
>  dilute  acid  liquid.  This  cannot  be  done  conveniently  without  loss  of 
neoiifl  vapor.  The  fact  that  gtM>d  results*  are  ofteji  obtained  is  due  to 
Sb  ci>mponsation  of  opposite  eiTors,  as  the  analyst  may  convince  himself 
by  r»JiHiat4?dly  heating  and  sucking  through  air.  If  the  suction  go  on  to 
just  the  right  extent,  the  loss  of  the  apparatus  will  exactly  correspond 
to  the  carlionic  acid  that  was  contained  in  the  suljHtance,  but  further 
exliaustion  of  the  air  will  diminish  the  weight  of  the  appai-atus,  not  by 
oomplete  i-emoval  of  the  carbonic  acid,  but  by  loss  of  aqueous  vapor, 
which  easily  escapes  the  desiccating  material.  By  contiimed  working 
on  a  carbonate  of  known  composition  one  may  boou  leam  how  long  to 
oxhauat  in  order  to  bring  out  the  proper  loua,  but  where  the  analyst  is 


♦  Din^lor'a  poL  Joiirn.  1(14,  128. 
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out  of  practioe,  an  error  of  1  to  2  per  cent,  is  not  unlikely  to  ha|>]>eii| 
aBd  the  process  itaelf  fttmisbes  no  means  of  judging  when  it  will  give  a 

correct  result, 

Tlie  editor  employs  a  simple  modification  of  this  method,  which,  under 
proper  conditionjs,  gives  very  accurate  results  and  furnishes  to  a  great 
extent  its  own  coiitroL  The  process  is  novel  in  this  particular,  riz. : 
the  charged  apparatus  is  in  the  first  place  filled  with  carbonic  acid  gas, 
the  substance  is  then  decomposed,  and  as  soon  as  disengagement  of  ga« 
ceaseSj  the  apparatuB,  Rtill  filled  with  carbonic  acid  gas,  is  weighed 
again.  In  this  maimer  all  aspiration  is  done  away  with,  and  the  deaic' 
eating  matenal  has  siiuply  to  dry  as  much  gas  as  is  yielded  by  the  sub- 
stance under  analysis. 

It  is,  liowever,  essential  that  the  substance  under  examination  dissolre 
freely  and  completely  in  cold  acid  ;  it  is  likewise  necessaiy  tbat  the 
analysis  and  weighings  be  conducted  in  an  apartment  not  liable  to 
change  of  temperature. 

The  apparatus  may  consist  of  a  light  flask  or  bottle  with  wide  mottth 
which  is  closed  by  a  soft  rubber  stopper,  through  which  there  panaoo,  on 
the  one  hand,  a  chloride  of  calcium  tube,  the 
lower  bulb  of  which  contains  cotton,  and,  on  • 
the  other,  the  neck  of  a  vessel  which  contains 
the  dilute  acid.  This  acid  reservoir  is  so  con- 
strocted  that  on  suitably  inclining  it,  its  con« 
tents  will  flow  freely  into  the  flask.  For  this 
purpose  the  tnbe  connecting  with  the  latter 
has  an  internal  diameter  of  seven  millLmet.reft, 
and  its  extremity  is  cut  off  oblicjuely ;  at  its 
other  end,  the  acid  reservoir  terminates  in  an 
upturned  narrow  tube,  b*  This  and  the  upper 
termination  of  the  CaCl  tube  are  chosen  of 
such  diameter  that  they  fit  quite  snugly  into  ] 
short,  narrow  and  thick -walled  rubber  connect- 
ors whi  ch  are  again  provided  wi  t  h  glaas-rod  stop 
pers ;  all  these  joints  must  be  gas-tight.  In 
figure  56  the  apparatus  is  reprejsented  in  one- 
tlurd  its  proper  dimensions. 

The  weighed  substance,  in  case  of  carbonate 
of  lime,  e,  (/.,  is  placed  at  the  bottf>m  of  tij^ 
flask  J  most  couveuiently  in  the  form  of  small 
fragments.     The  acdd  vessel    is  nearly  filled 
with  hydrochlox*ic  acid  of  sp.  gr.  I'l.     It  and 
the  CaCl  tube  are  ti^Uj  idjuated  to  the  neck  of  the  flask,  and  the 
glass-rod  stopjiera  being  removed,  the  apparatus  is  connected  at  f  with 
a  self-regultttiug  generator  of  waslied  carlxmic  acid,  and  a  rather  rapid 
stream  of  the  gas  is  transmitted  through  the  apparatus  for  15  niiiiut<«, 
or  until  the  liquid  in  b  is  saturated  and  the  air  is  thoroughly  displaced. 
Then  the  ofiening  at  d  is  fitop|)ed  and  afterward  the  a|iparatus  is  dis*        ' 
connected  with  the  carbonic  acid  generator  and  stopped  at  c.     During      ^ 
these  as  well  as  the  subsequent  operations,  the  a[)paratus  must  be  so   -^ 
hamlled    that   its    temperature    shall    not   change.     It  is    immediatelf    "H 
weighed.    WTien  removed  from  the  balance,  loosen  the  stopper  at  rf,  and,^^ 
holding  the  flaiik  by  a  wooden  clamp,  incline  it  so  that  tie  acid  may^^ 
flow  over  upon  the  carbonate.     The  decomposition  shoidd  proceed  slow— ^"^ 
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]j,  90  thjii  the  eacftping  gas  may  be  thoronghlj  dried.  Ab  soon  as  sohi- 
^on  of  the  carbonate  is  complete,  replace  the  stopper  at  d,  and  weigh 
again.  Should  there  be  any  leak  in  the  apparatus  the  fact  is  made  evi- 
dent by  a  slow  but  steady  loss  of  weight,  when  it  is  brought  upon  the 
bftlAiice.  If  all  the  joints  ai^e  sufficiently  tight,  the  weight  remains  the 
same  for  at  least  fifteen  minutes. 

When  properly  executed  the  process  gives  extremely  accurate  roRiilts  ; 
a  slight  change  of  temperature  or  of  atmospheric  pressure  between  the 
two  *  weighings  of  course  greatly  iiupairs  the  results  or  renders  them 
worthless.  Since  the  ajjparatus  usually  rises  a  little  in  temperature 
during  the  solution  of  the  carbonate,  it  is  better,  as  soon  as  the  Hubstance 
is  decompoBed,  to  stopper  the  CaCl  tube  and  let  the  whole  stand  fifteen 
minutes,  then  to  connect  as  before  with  the  gas-generator  and  pass  dried 
CO  J  for  a  minute,  and  finally  to  stopper  a^ain  and  bring  upon  the  bal- 
ance. In  seven  analyses  of  pui-e  calcite  in  quantities  ranging  from  0'5 
to  0*9  grm^  the  editor  obtained  lihe  following  percentages  of  carbi>nic 
acid,  viz.:  44*07,  44-07,  43-98, 44'01,  44"04,  44'n,  4416  j  ctUculation 
requires  44*00, 

In  case  of  alkali-carbonates  which  absorb  carbonic  acid  gas,  it  is 
necessary  to  modify  the  appanitus.  Instead  of  the  light  fiaak  a,  we  may 
employ  a  small  bottle  of  thick  glass  and  wider  mouth,  and  a  thrice-fwr- 
foraied  rubber  stopper.  Through  the  third  orifice  pass  a  narrow  tube  3  to 
4  inches  long  enlarged  below  to  a  small  bulb  to  contain  the  carbonate. 
This  bulb  must  be  so  thin  that  on  pusliiiig  do^ii  the  tube  within  the 
bottle  it  shali  be  easily  crashed  to  pieces  against  the  hottom  of  the  lat- 
ter* The  caibonate  is  wt-iglied  into  the  bulb-tube,  the  latter  is  wiped 
dean^  down  to  the  bulb,  corked  and  fixed  in  the  st-opper.  The  apparatus 
is  filled  as  befoi-e  with  ('O,  and  weighed.  Then  the  bulb  is  broken  and 
the  process  finished  as  before  described.  In  three  estimations  on  car- 
bonate of  soda  the  editor  found  41*54,  41*fi4  and  41*58  per  cent,  of  CO,. 
Calculation  requires  41*5 1  per  cent] 

eL  J*^rom  all  Bases  without  exception  {Estimation  of  the  Acid  J^rom  t/ie 
increase  ofwmght  of  an  Absorption  Apparatus), 

The  arrangement  of  the  apparatus  I  employ  will  be  seen  from  fig.  57. 

a  is  the  evolution  flask  (300  e.  c.)  closed  with  a  doubly -per  fomted 
india-rubber  cork,  bh  is  a  tube  twice  bent  and  expanded  at  c  to  a  small 
bulb,  it  may  be  connected  by  means  of  an  india-rubber  tube  as  required 
either  with  the  little  funnel  d,  or  with  the  tube  <?,  which  is  filled  with 
noda^lime  or  hydrate  of  potassa.  The  U-tube  f  is  filled,  ss  regards  the 
bullied  limb,  '^ith  pieces  of  funed  chloride  of  calcium  ;  as  regards  the 
other  limb,  wnth  fragments  of  pumice  saturated  with  anhydrous  sulphate 
of  co|»per  (see  p.  289),  The  U*tube  ^  contains  pieces  of  glass,  6 — 10 
drof^»s  of  concentrated  sul^ihuric  acid,  and  two  little  asbestos  stoppers, 
the  tube  A  ii  |  filled  with  about  20  grm.  coarsely  granulated  soda-linae, 
and  towards  the  outer  end  the  remaining  ^  is  filled  with  coarsely 
granulated  chloride  of  calcium,  k  contains  in  the  outward  limb  soda- 
lime,  in  the  inner,  chloride  of  calcium,  ^serves  to  free  tlie  escaping 
carbonic  acid  from  moisture  and  hydrochloric  acid,  ff  enables  the  opera- 
tor to  see  the  rate  of  the  evolution  of  gas,  A,  by  its  soda-lime,  takes  up 
the  carbonio  acid  completely,  and  by  ita  chloride  of  calcium  prevents 
any  evaporation  of  water  from  the  former  (the  soda-lime  gets  warm  on 
abiorbing  the  carbonic  acid),  k  serves  to  protect  the  tube  A  (which  has 
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to  be  weighed)  from  any  moisture,  &c,,  which  might  penetrate  from  out^ 
aide.  Tiie  corks  of  g^  h  and  k  mimt  be  covered  with  sealing-wax,* 
The  absoqition  apparatus  is  that  given  by  MuUDER^f  and  is  heit*  espe- 
cially suitable,  as  the  carbonic  acid  is  mixed  with  much  air,  and 
evolution  is  at  times  somewhat  rapid. 


Fig.  67. 

After  the  weighed  substance  has  been  transferred  to  a,  and  a  little 
has  been  atided  to  it,  weigh  h  and  g  together,  and  connect  the  several  l 
of  the  apparatus — a  stands  on  a  wire  gauze,  placed  on  a  tripod,  e  is 
fastened  to  a  support^  the  U-tubes  are  suspended  in  a  suitable  manner — 
join  h  to  d,  and  pour  into  d  a  small  |K>rtion  of  mercury,  just  enough  to 
close  the  tube  at  L  Now  pour  int^T  tl  common  hydrochlonc  or  nitiic  acw 
(previously  ililut-ed  with  aii  ©<:|ual  bulk  of  water),  and  by  gentle  suctii 
through  an  india-rubber  tube  at  I  cause  a  snmll  qwantity  of  acid  to  flo' 
into  the  flask  Ik  Tlie  evolution  of  carbonic  acid  connuences  immediately! 
its  rate  may  be  seen  from  g  ;  if  necessary,  a  gentle  heat  may  l)e  applied. 
When  the  evolution  iM^gins  to  abate,  introduce  more  acid  into  the  flask  in 
the  same  maimer  as  before.  As  soon  as  the  carbonate  is  perfectly  decom- 
po8ed,  fill  d  several  times  with  hot  wattr,  causing  it  to  flow  into  a.  This 
is  done  in  order  to  wash  into  a  the  small  quantities  of  hydrochloric  acid 
which  remain  in  c,  and  which  j»ossibly  niiglit  have  taken  up  some  carbonic 
acid.  Now  reuiove  d  and  connect  f*  with  h  instead,  heat  the  contents  of  a 
to  gentle  boiling,  whieli  is  to  be  eontiimeii  till  the  first  bidb  of  f  is  hot, 
and  then  by  sucking  at  ^,  draw  air  through  the  apparatus  to  the  extent  of 
six  times  the  volume  that  a  contains.  This  auction  is  best  edected  by  an 
aspirator.  Wlien  this  has  been  done,  separate  «  from  f^  allow  h  to  cool 
completely,  remove  h  auil  f/,  and  weigh  them  tog€*ther.  The  increase  of 
weight  of  these  is  the  exact  cjcpression  of  the  carbonic  acid  in  the  sub- 
stance. The  accuracy  of  the  i-eaults  leaves  nothing  to  be  desired*  "We 
have  the  bases  without  any  impurity,  and  completely  dissolved  in  hydro- 
chloric or  nitric  acid. 

The  tube  g  is,  after  use,  closed  at  both  ends,  and  retains  its  ntility  a  long 

♦  Or  caoutchouc  Htoppora  may  be  used.     For  smail  U^tabes,  half  an  inch  of 
fleshy  indiEi-mbber  tubing  forma  an  excellent  joint 
+  Zeifcflchrift  t  analyt.  Chem.  1^2. 
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tune.  The  tu1>e  h  can  also  be  used  repeatedly  wiihout  bemg  refilled. 
The  second  time  it  is  employed  connect  it,  for  the  sake  of  precautionf  vitJi 
a  separately  weighed  tube  of  the  small  kind.  The  latter  rarely  increases  in 
weighty  and  the  first  tube  can,  therefore,  be  then  used  a  third  time,  H 
after  this  the  second  tube  has  become  heavier,  at  the  fourth  oper 
reject  the  first  tube,  and  use  the  second  tube  alone,  and  so  on. 

When  large  quantities  of  carbonic  acid  are  to  be  absorbed,  the  tube  g 
may  be  replaced  with  advantage  by  a  Liebig^s  potash  apparatus. 

f,  8epa/raii4m/rofn  aU  Mai69  wiihoui  ^Msepiion  {JS^Htnalton  of  the  Ae 
by  Mxp^dsimiy  Ahiorption^  cmd  Volumetric  Amdyflg). 

It  is  sometimes  advaotageous,  especially  in  the  estimation  of  very 
small  quantities  of  carbonic  acid,  to  receive  the  same  in  a  known  volume     \ 
of  standaixi  lime-  or  baryt4ir water,  and  to  complete  the  analysifi  according 
to  Pettkkkofek's  principle  (I.,  6,  0). 

g.  Mstimatum  by  Measuring  the  Oai. 

This  process  is  applicable  in  the  case  of  all  salts  which  are  decomp 
by  hydrochloric  acid  in  the  cold.     It  is  distinguished  for  rapid  and  con^ 
venient  execution  and  Tedy  satiaiactory  results.     [The  azotomcter,  %.  ^ 


Fig,  58 


is  employed,  and  the  details  of  the  process  are  for  the  most  part  similffr 
to  those  followefl  in  the  estiraation  of  ammonia  as  described  on  page  Wl 
The  weighed  carbonate  ia  put  in  the  bottle  a,  and  thetube^iscliargrf 
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With  5  cc  of  H.  CI,  8p»  gr.  1-125,  When  the  burette  is  adjusted  to  zero, 
the  acid  is  poured  at.  on^e  upon  tbe  carbonate.  The  precautions  to  bo 
[obwrred  in  the  measurement  of  the  gas  are  as  detailed  on  page  161, 
lit  is  not  needful  to  wait  bo  long  for  the  gas  to  cooL  The  necessary 
J  oom*ctions  are  applied  by  aid  of  the  foregoing  tables  given  by  Dietrich,* 
lyp.  31^5—6-7.  Their  use  is  perfectly  similar  to  that  of  the  tables  given 
\osi  pttges  160  and  162-3.] 

§  HO. 
2,  Silicic  Acid. 
I.  Delenriinatian* 

Tte  direct  estimation  of  silicic  acid  is  invariably  effected  by  con* 
'  verttng  the  soluble  modification  of  the  a^^id  into  the  insoluble  modiiica- 
tion,  by  evaporating  and  completely  drying ;  the  insoluble  modiiication  is 
then,  after  removal  of  all  foreign  matter,  ignited  and  weighed. 

For  the  guidance  of  the  student  I  would  observe  here  that,  to  guard 
igftLDiBt  mistakes,  he  should  always  test  the  purity  of  the  vmghed  silicic  add. 
Bi©  methods  of  t<?ating  will  be  found  below. 

If  you  have  firee  silicic  acid  in  the  state  of  hydi'ate,  in  an  aqueous  or 
leid  solution  free  from  other  fixed  bodies,  simply  evaporate  the  solution  in 
I  A  pliitijium  di:ih^  ignite  and  weigh  the  residue, 

H.  SeparaH(m  of  SUicie  Acid  from  th^  Basei* 

\In  off.  mmpoundi  which  are  decomposed  by  Hydrocldoric  or  Nitric 
Acidy  an  digeetion  in  open  vessels. 

To  thia  class  belong  the  silicates  soluble  in  water,  as  well  as  many  of  the 
c>ltible  silicates,  as,  for  instance,  nearly  all  zeolites. 

^  compound  under  examination  is  very  finely  pulverized,  the  powder 

dried  at  100^  (not  above),  and  put  into  a  platinum  or  porcelain  dish  (in 

t^  ca«e  of  &ilicat.es  whose  solution  might  be  attended  with  disengagement 

of  eklorine,  platinum  cannot  be  used)  j  a  little  water  is  tbeii  added,  and 

,  tlie  powder  mixed  to  a  uniform  paste.     Moderately  concentrated  hydro- 

iWhloric  acid,  or — if  the  substwiice  contains  lead  or  silver — nitric  acid,  is 

BOW  added,  and  tbe  mixture  digestc^d  at  a  very  gentle  heat,  with  constant 

[»(tirrin:^%  luitil  the  substance  is  com|jletely  decomposed,  in  other  terms  until 

ghfcrts  rod,  which  is  routided  at  the  end,  encounters  no  more  gritty 

ler,  and  the  stining  proceeds  smoothly  without  the  least  grating. 

*^ie  silicates  of  this  class  do  not  all  comport  themselves  in  the  same 

nuuiuer  in  this  process,  but  show  some  diffif  rences  ;    thus  most  of  them 

form  a  bulky  gelatinous  maas^  whilst  in  the  case  of  others  the  silicic 

Bcid  separates  as  a  lii^ht  pulverulent  precipitate ;  again,  many  of  them 

are  decomposed  readily  and  rapidly,  whilst  others  require  protracted 

rdigei^ion. 

l|r¥rhen  the  decomposition  is  effected,  the  mixture  is  evaporated  to  dry* 
on  the  water-bath,  ancl  the  residue  heated,  with  frequent  stirring, 
nntil  all  the  small  lumps  have  cruiiihWd  to  pieces,  itnd  the  whole  inaas  is 
thoroughly  dry,  and  until  tio  more  acid  fiimes  e8Ctt|ie.  It  is  always  the 
Mfesi  way  to  conduct  the  opi^mtiou  of  *lrying  on  the  water-bath,  Occft- 
AoiuJIy  it  [b  well  to  moisten  the  dry  mass  with  water  and  evaporate  again. 
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In  cases  wkerd  it  appears  desirable  to  accelerate  the  deatccation  b  j  Uie  a^ 
plication  of  a  stronger  heat,  aa  when  deliquesoent  ehloiideB  ai^  preKnt, 
an  air-bath  may  be  had  recoorae  to;  which  may  be  constructed  in  i 
simple  way,  by  suapending  the  diah  containing  the  Bubetanoe,  with  the 
aid  of  wire,  in  a  somewhat  larger  dish  of  silver  or  iron,  in  a  numner  to 
leave  everywhere  between  the  two  dishes  a  small  space  of  uniform  width* 
Direct  heating  over  the  lamp  is  not  advisable,  as  in  the  mo«rt  strongly 
heated  parts  the  silicic  acid  lb  liable  to  unite  again  with  the  separaled 
bases  to  compounds  which  ore  not  decomposed,  or  only  imperfecUy,  hf 
hydroehloric  acid. 

When  the  mass  is  cold,  it  ia  brought  to  a  state  of  semi-fluidity  hj 
thoroughly  moistening  it  with  hydrochloric  acid ;  hher  which  it  is  allowed 
to  stand  for  half  an  hour,  then  warmed  on  a  water-bath,  diluted  with  hot 
water,  stirred,  allowed  to  depoait,  and  the  fluid  decanted  on  to  a  filter ;  the 
residuary  silicic  acid  is  again  stirretl  with  hot  water,  and  the  fluid  onoe 
more  decanted  ;  after  a  third  repetition  of  the  same  operation,  the  preci- 
pitate also  is  transferred  to  the  filter,  thoroughly  washed  with  hot  water, 
well  dried,  and  ignited  at  laat  as  strongly  as  possible,  as  directed  in  §  52  or 
in  §  53,  For  the  properties  of  the  residue,  see  §  93,  9,  The  results  are 
accurate.  The  bases,  which  are  in  the  filtrate  as  chlorides,  are  determined 
by  the  methods  given  above.  Deviations  from  the  instructions  her©  given 
are  likely  to  entail  loss  of  substance  ;  thus,  for  instance,  if  the  mass  is  not 
thoT&ughli/  dried,  a  not  inconsiderable  poilion  of  the  silicic  acid  passes  into 
the  solution,  whereas  if  the  instructions  are  strictly  complied  with,  oalr 
traces  of  the  acid  are  dissolved ;  in  accurate  analyses,  however,  even  s«ci 
minute  traces  must  not  be  neglected,  but  should  be  separated  from  tb« 
bases  precipitated  from  the  solution.  This  separation  may  be  readllj 
effected  by  dissolving  them,  after  ignition  and  weighing,  in  hydrochloric 
or  sulphuric  acid,  by  long  digestion  in  the  heat ;  the  minute  portion  of 
silicic  acid  is  left  undissolved.  Again,  if  the  silicic  acid  is  not  t/iorom^^ 
di'ied  previous  to  ignition,  the  aqueous  vapor  disengaged  u[>on  the  rapi<J 
application  of  a  strong  heat  may  carry  away  particles  of  the  light  and  loow 
silica. 

Til©  purity  of  the  silicic  acid  *  may  be  conveniently  tested  in  the  fol- 
lowing manner  :  —Heat  a  moderately  concentrated  solution  of  pure  carbo- 
nate of  soda  to  boEing,  in  a  silver  or  platinum  dish,  or  in  a  porcelain  dish, 
and  add  a  small  quantity  of  the  silicic  acid.  If  it  dissolves  complatel), 
this  is  a  proof  of  its  purity  ;  but  if  it  leaves  a  residue,  the  remainder  of 
the  silicic  acid  must  be  weighed,  and  the  amount  of  impurity  determined 
asdirect^^d  in  6,  and  the  result,  of  course,  calculated  to  the  whole  amoimt 
of  the  silica. 

If  you  have  pure  hydrofluoric  acid,  you  may  also  test  the  purity  of  ti* 
silicic  acid  in  a  very  easy  manner,  by  treating  it  with  tliis  acid  and  sow* 
sulphuric  aci<l  in  a  platinum  dish  ;  u|3ou  the  evaparatiouof  the  siilutioo, 
the  silicic  sicid,  if  yju?^?,  will  volatilise  completely  (as  fluoride  of  sUicou)* 
If  a  residue  remains,  moisten  this  once  more  with  hydrofluoric  acid,  add  a 
few  drops  of  sulphuric  acid,  evaporate,  and  ignite;  the  residue  oonsisteof 
the  sulphates  of  the  haees  which  were  mixed  with  the  silicic  add,  as  well 
as  any  titanic  acid  that  waa  present  (Berz£;ijub)« 


*  Thij}  testing  ia  moro  eepeciatlj  neoea^ry  in  cases  where  the  aiUcioaoidktf 
separated,  not  in  the  gslatinoufi  state,  but  in  the  pulverulent  form. 
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Campowtds  whiek  are  noi  cfocoiiipcuiflrf  by  Sydroddorie  Acid  or 
.Niirie  Aeid^  on  diffnUan  m  0pmk  tmgseU^ 

m.  D^etnnpomiion  by  Jf\isum  with  Aihalins  Carbonate^ 
B^Kltioe  the  subatanoe  to  an  ifopalpnble  ]>owder,  by  trituration  and 
dting  ^^  25)  ;  transfer  to  a  platinum  crucible,  and  mix  with  alxnit  4  times 
tt»  weight  of  pure  anhydrous  carbonate  of  eoda,  with  the  aid  of  a  rounded 
^am  rod  ;  wipe  the  rod  against  a  small  portion  of  the  carbonate  of  soda 
oa  a  card*  and  transfer  this  also  from  the  card  to  the  crucible.  Coyer  the 
kilter  well,  and  heat,  according  to  size,  over  a  ga»-  or  spirit-lamp  with 
dotabla  draught,  or  a  blast  gas- tamp ;  or  insert  in  a  Hessian  crucible, 
OMDpactJy  filled  up  with  calcined  magnesia,  and  heat  in  a  charcoal  fire. 

Apply  at  first  a  moderate  heat  for  some  time  to  make  the  mass  simply 
^^utiiiate ;  the  carbonic  acid  will,  in  that  case,  escape  from  the  porous 
BIAS  with  ease  and  unattended  with  spirting.  Increase  the  heat  after- 
wards, finally  to  a  very  high  degree,  and  terminate  the  operation  only 
when  the  mass  appears  in  a  state  of  calm  fusion,  and  gives  no  more 
huhhles. 

The  platinum  crucible  in  which  the  fusion  is  conducted  must  not  be  too 
gnsll ;  in  fiact,  the  mixture  should  only  half  fill  it.  The  larger  the  crucible, 
the  leas  risk  of  loss  of  substance.  As  it  is  of  importance  to  watch  the 
progress  of  the  operation,  the  lid  must  be  easily  removable ;  a  concave 
cover,  simply  lying  on  the  top,  is  therefore  preferable  to  an  overlapping 
fii  In  heating  over  a  lamp,  the  crucible  should  always  be  supported  on 
A  triangle  of  platinum  wire  (see  fig.  40,  p,  64),  with  the  opening  just 
BiSdently  wide  to  allow  the  crucible  to  drop  into  it  fully  one-third,  yet 
Kt  retain  it  firmly,  even  with  the  wire  at  an  intense  red  heat*  When  con- 
ducting the  process  over  a  simple  gas-lamp,  it  is  advisable,  towards  the 
end  of  the  operation,  when  the  heat  is  to  be  raised  to  the  highest  degree, 
to  put  a  chimney  over  the  crucible,  with  the  lower  border  resting  on 
tiie  ends  of  the  iron  triangle  which  supprirts  the  platinum  triangle  ;  this 
diimney  should  be  about  12  or  14  cm.  high,  and  the  upper  o[>emng  meas- 
iire  about  4  cm.  in  diameter. 
When  the  fusion  is  ended,  the  red-hot  crucible  is  removed  with  tongs, 
ed  on  a  cohJ,  thick,  clean  iron  plate,  on  which  it  will  rapidly 

^it  is  then  geuomlly  easy  to  detach  the  fused  cake  in  one  piece. 

Tbe  cake  (or  the  crucible  with  its  contents)  is  put  into  a  be^iker,  from 
JO  to  15  times  the  quantity  of  water  ]K>ured  ov^  it,  and  hydroclibric  acid 
ndually  added,  or,  under  certain  circumstances,  nitric  acid  ;  the  beaker 
i  covered  with  a  large  watch -glass  or  porcelain  dish,  perfectly  clean 
outside^  to  prevent  the  loss  of  the  drops  c»f  fluid  which  the  escaping  car- 
lie  acid  carries  along  with  it ;  the  drops  thus  intercepted  by  the  cover 
f  afterwards  rinsed  into  the  beaker.     The  cnicible  i-s  also  rinsed  with 
lute  acidi  and  the  solution  obtained  added  to  the  iuid  in  the  beaker^ 
[The  solution  is  promoted  by  the  application  of  a  gentle  heat,  which  is 
Dtinued   for  some  time,  to  insure  the  expulsion  of  the  carbonic  acid  ; 
!  otherwise  some  loss  of  substance  might  be  incurred,  in  the  Kubse- 
Eient  evaporation,  by  spirting. 

If  in  treating  the  funed  mass  with  hydrochloric  acid,  a  jwwder  subsides 
sWoride  of  sodium  or  chloride  of  pot^issium),  more  water  is  reciuired. 
If  the  decomposition  of  the  mineral   has  Buoceeded,  the  hydrochloric 
lohition  is  either  |jerfectly  clear,  or  light  Hakes  of  Bilicic  acid  only  float 
m  iL     But  if  a  heavy  powder  subsides,  which  f&els  gritty  under  the 
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glass  rod,  thii  oonHista  of  ud decomposed  mineral.  The  can^  of  sach 
imperfect  decomposition  is  generallj  to  be  ascribed  to  imperfect  pulvtjd- 
jsation. 

In  such  caaes  tbe  tmdecompoaed  portion  may  be  fused  once  more  inti 
carbonat'ed  alkali  ;  the  better  way,  however,  is  to  repeat  the  process  witi 
a  fresh  portion  of  mineral  more  finely  pulverized. 

The  hydrochloric  or  nitric  solution  is  poured,  together  with  the  pre- 
cipitate of  silicic  acid,  iut-o  a  porcelain,  or,  better,  into  a  platinum  dish^ 
and  treated  as  directed  in  II,,  a. 

That  the  fluid  may  not  be  too  much  diluted,  the  beaker  should  be  rinsed 
only  once,  or  not  at  all,  and  the  few  remaining  drops  of  solution  dried  in 
it ;  tbe  trillii:ig  residue  thus  obtained  is  treated  in  the  same  way  ai  tii« 
reBidiie  left  in  the  evaporating  basin. 

This  is  the  method  most  commonly  employed  to  effect  the  decomposition 
of  sihcates  that  am  untlecom]K:tsable  by  acids  ;  that  it  cannot  be  used  to 
determine  alkalies  in  silicates  ia  evident. 

j8.  Decampomiion  hi/  jneaTis  of  Hi/drqfiuoric  Acid, 

The  finely-pulverized  silicate  is  mixed,  in  a  platinum  dish,  with  ratlief 
concentrated,  slightly  fuming  hydrofluoric  acid,  the  acid  being  add^ 
gradually,  and  the  mixture  stirred  with  a  thick  platinum  wii^e.  The  mil* 
ture,  which  has  the  consistence  of  a  thin  paste,  is  digested  some  time  on  I 
water- bath  at  a  gentle  heat^  and  pure  concentrated  sulphuric  acid,  dilntftd 
witli  an  equal  quantity  of  water,  is  then  added,  drop  by  drop,  in  more  th«i 
sufficient  quantity  to  convert  all  the  bases  present  into  sulphates.  The 
mixtui^  is  evaporated  on  the  water-bath  to  dryness,  during  whiek 
opemtion  fluoride  of  silicon  gas  and  hydrofluoric  acid  gas  are  continuaQj 
volatilizing  ;  it  is  finally  exposed  to  a  stronger  heat  at  some  height  ahote 
the  lamp,  until  the  excess  of  sulphuric  acid  is  almost  completely  fX* 
pellod.  The  mass,  when  cold,  is  thorouglily  moistened  T^dth  concentrated 
hydrochloric  acid,  and  allowed  to  stand  for  one  hour ;  water  is  then  added, 
and  a  gentle  heat  applied.  If  the  decomposition  has  fidly  suc^xjcdeJ, 
the  whole  must  dissolve  t-o  a  clear  fluid.  If  an  undissolved  I'esidue' 
left,  the  mixture  is  heated  for  some  time  on  the  water-bath,  then  alio' 
to  deposit,  the  clear  superual^ut  fluid  decanted  as  far  as  pi-actical 
the  residue  dried,  and  then  ti-eated  again  with  hydi'ofluoric  acid  and 
phuric  acid,  and,  lastly,  with  hydrochloric  aqid,  which  will  now  effect 
coriiplete  solution,  provided  the  analyzed  substance  wa«  veiy  finely  pnl- 
verized,  and  free  fnjm  biiryta,  strontia  (and  lead)*  The  solution  1^ 
to  the  first.  The  ba.s**s  m  the  Hulution  (which  contains  them  as  sulj 
and  contains  also  free  hydrochloric  acid)  are  determined  by  the  methods 
which  will  be  found  in  Bection  V. 

The  hydrofluoric  acid  may  also  be  employed  in  combination  with  hydro- 
chloric acid ;  thus  1  *^Tm[  of  finely  elutriated  felspar,  mixed  with  40  c.  c 
water,  7  c.  c,  hydrochloric  acid  of  25 J  and  3^  c.  c.  hydrofltioric  acid,  and 
heated  to  near  the  Ixdling  poiut,  dissolves  completely  in  three  minutes. 
4  c,  c,  sulphuric  acid  are  then  added,  the  sulphate  of  baiyta  whicli  8ej)»- 
rates  is  filtered  off,  and  the  filtrate  evaporated  tiH  no  moi'e  hydrofluoric 
acid  eacapea  (Al.  Mitscheklich  ♦), 

The  execution  of  the  method  requires  tlie  greatest  possible  care,  bofcli 
the  liquid  and  the  gaseous  hydrofluoric  acid  being  most  injurious  sub- 
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itaDCes,  Tbe  treatment  of  the  silicate  with  the  acid  and  the  eTaporation 
must  be  conducted  in  the  open  air,  otherwise  the  windowa  and  all  glass 
ipparatus  will  be  attacked.  As  the  ailicic  acid  i^  in  thi^  method  simply 
inferred  from  the  loss,  a  combination  with  the  method  a  is  often  resorted 
to.     [See  also  §  160,  8;i.] 

[j,  I}fiC(ympo9ition  by  tuition  with   CarbonaU  of  Jjlme  and  Cfdorui^ 
^f  Ammonium,     Prof.  J.  L.  Smith's  Method  for  separating  alkalies. 
Mix  1  part  of  the  pulverised  silicate  with   I   part  of  dry  chloride  of 
f  ammonium,*  by  gentle  trituration  in  a  smooth  mortar,  then  add  8  parts 
;  of  c^irbonate  of  lime  (Quat  AnaL  p.  83)  axid  mix  intimately.     Bring  the 
» mixture  into  a  platinum  crucible,  rinsing  the  mortar  with  a  little  car- 
bonate of  lime.    Warm  the  crucible  gradually  over  a  smal!  Bunsen  bum- 
•r  until  fumes  of  ammoniarsalts  no  longer  apjiear,  then  heat  to  full  red* 
neoiiy  but  not  too  intensely,  for  from  30  Uy  H)  minutes, f     The  mass  should 
BBter  together,  but  not  fuse.     When  cold  it  nmy  be  usually  detficbed  with 
esfle  from  the  crucible.     It  is  heated  to  boiling  in  a  capsule  with  100  c.  c. 
of  water  for  several  hours,  or  until  it  is  entirely  disintegrated  anil  no 
lumps  remaim     Should  the  ma-ss,  from  overheating,  remain  paituilly  co- 
liefent  after  long  boiling,  it  may  be  transferred  to  a  porcelain  mortar  and 
[ground  finely,  and  then  boiled  as  before.    Certain  silicates,  e,  g.  those  con- 
^Miiing  much  protoxide  of  iron,  fuse  easily  with  the  proportions  of  flux 
pbove  given.      In  their  case  it  is  better  to  repeat  the  ignition  on  a  new 
portion,  using  10  or  12  parts  of  carbonate  of  hme  and  bringing  only  the 
liower  three-fourtka  of  the  crucible  to  a  red  heat. 

The  fluxed  ma.ss,when  completely  disintegrated  by  boiling  with  water, 
this  solvent  aU  the  alkalies,  with  gome  chloride  of  calcium  and 
le.  It  is  filtered  and  well  washed ,  To  the  liq uid  is  added  carbonate 
Immonia  (1 — 2  grms.)  in  solution,  and  the  whole  is  evaporated  to  a 
hulk  of  about  30  c.  c.  Then  a  little  more  cArbonate  of  ammonia,  with 
some  caustic  aramonia,  is  added,  to  insure  complete  Reparation  of  the  linn?, 
tPilter  and  collect  the  filtrate  and  washings  in  a  weighed  platinum  caj^- 
^Bf^  evaporate  to  diyness  on  the  water-bath,  dry  further,  sMpporting  the 
P^Miile  within  an  iron  cup  to  which  heat  is  applied,  and  finally  beat  care- 
I  fully  almost  to  redness,  to  expel  ammonia-sal ta.    When  cool,  weigh.    The 

iidkflii-chloridefi  thus  obtained  are  nearly  pure ;  but  on  dissolving  in  a  few 
drops  of  water,  a  little  black  residue  Ls  usually  seen.  This  may  l*e  ro- 
movedf  if  weighable,  by  filtration,  using  a  very  Ruiall  filtor.  Prof. 
iBmith'^s  method  is  by  far  the  most  convenient  and  accurate  for  separa- 
^ting  alkalies  from  a  silicate,  and  is  universally  applicable,  except,  perhaps, 
in  presence  of  boracic  acid.] 


I  *  The  chloride  of  ammoniom  is  best  obtained  in  a  ptilvertiJent  condition  bj  tits* 
Bolring  aome  of  tbe  salt  in  hot  water  and  evaporating  rapidly  ;  the  greater  portion 
of  tbe  chloride  of  ammonium  will  deposit  itself  in  a  pulvemleut  condition,  the 
fwmter  is  ponied  off,  and  the  salt  throwa  on  bibulous  paper  allowed  to  dry ;  the 
Mnal  datlcoatioQ  being  carried  on  in  a  water- batb,  qx  in  onj  other  waj  with  a 
[euiMpoodiag  temperature, 

f  An  ordinary  portable  fumaoe,  with  a  conical  sheet-iron  cap,  of  from  two  to 
I  thze«  feet  high,  likewise  anoweiB  the  purpose  perfectly  well,  all  the  reqniflito 
bMt  being  afforded  by  it 
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Hipbochzjoeic  Acm— Hydkobromic  Acid — Htdbiodic  Acid—Hid] 
CTAHic  Acid — Hydrosulphubio  Acid, 

§  1^1. 
L  Hybbochlo&ic  Acm. 
L  jyeiermmaiian* 

Hydrochloric  add  may  be  determined  very  accurately  in  tliegnmiiieinG 
tm  well  as  in  the  volumetric  way.* 
a.    Gravimetric  Method, 

jyeteTTninution  as  Cidorids  of  Silver, 

Solution  of  nitrate  of  silver,  mixed  with  some  mtric  acid,  is  added  _ 
exoeas  to  the  aolution  under  examination,  the  precipitated  chloride  ia  mad^ 
to  unite  by  application  of  heat  and  ghakrug,  waahed  by  decantatlon^  dried, 
fUid  ignited.  The  details  of  the  process  have  been  given  in§  115,l,<i,  cu 
Care  must  be  taken  not  to  heat  the  solution  mixed  with  nitric  acid,  before 
the  flolution  of  nitrate  of  silver  has  been  added  iu  exceia.  As  soon  aa  the 
latter  is  present  in  excess,  the  chloride  of  silver  separates  immediately  and 
completely  upon  shaking  the  vessel,  and  the  supernatant  fluid  becomes  per- 
fectly cleiir  after  standing  a  short  time  in  a  warm  place.  The  determimk 
tion  of  hydrochloric  acid  by  means  of  silver  is  therefore  more  readily 
eflected  than  that  of  silver  by  means  of  hydrochloric  acid.  In  the  case  of 
smaller  quantities  of  chloride  of  silver,  the  precipitate  is  often  collected  on 
a  filter ;  see  §  1 15,  1,  a,  ^*  Or  the  two  methods  may  be  combined  in  thii 
way — that  the  chief  portion  of  the  precipitate  is  washed  by  decantAtioii, 
dried  in  the  jiorcelaiu  crucible,  and  ignited,  the  decunted  fluid  being 
passed  throygh  a  filter,  to  make  quite  sure  that  not  a  particle  of  chlorido 
of  silver  be  lost.  The  filter  b,  after  drying,  incinerated  on  the  inverted 
cover  of  the  jK>reelaiu  crucible,  the  ashes  are  treatcMl  with  a  few  drops  of 
nitric  aci<l^  some  hydrochloric  acid  is  added,  the  mixture  evaporated 
dryness,  the  residtie  gently  ignited,  and  the  lid  replaced  on  the  cnicibls: 
which  tiie  chloride  has  been  heated  to  incipient  fusion ;  a  gentl 
is  theD  once  more  aj)plied,  after  which  the  crucible  is  allowed  to  cool 
the  desiccator^  and  then  weighed, 

b,    J'^ohiDietric  Methods, 

a.     By  SohUion  of  A^Urate  of  Silver. 

This  convenient  and  accurate  method  requires  a  perfectly  neutral  solu- 
tion  of  nitrate  of  silver  of  known  value.     [This  is  best  prepared 
weighing  off  iu  a  porcelain  crucible  about  4 '8  grm.  of  cle^n  cryst4illi 
nitmte  of  silver,  fusijig  it  at  the  lowest  ptmnible  heat,  and  then  ascertoiii- 
ing  its  weight  accurately*    After  fusion  it  should  weigh  a  tittle  more  than 
4- 7933  grm.,  the  quantity  tliiit,  contained  in  a  litre  of  water,  givi 
lution  of  which  1  c.  c.  ^'001   grm.  of  chlonne.     The  fused  salt 
solved  in  a  little  wai'ni  water,  the  soluti«m  brought  into  a  litre  flast  mi 
filled  to  the  mark,  observing  the  usual  precautions  as  to  temperatu] 
<kc.     When  thus  adjusted,  add  to   the  contents  of  the  flask,  fiH>m  a 
rette,  enough  water  to  bring  the  excess  of  nitrate  of  silver  above  4*79i 
grms.  to  the  requisite  dilution. 


•  For  the  acidimetric  ©satimation  of  free  hydrochloric  acid, 
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ExcBBB  oret  1000. 


Tn  this  way  it  is  oasj  with  a  burette  ajid  a  litre  flask  to  make  a  per- 
fectly accurate  standard  solution,  while  this  would  be  hardly  possible 
riboiiki  tlie  o]K5rator  weigh  oif  leas  thaa  4*71)33  grm.  of  nitrate  of  fiilver. 

^Hiia  solution^  which  may  be  preserved  in  a  well-corked  bottle  iudeii- 
uttely,  without  change,  ia  next  tested  by  means  of  pure  chloride  of  sodi- 
'^^la.  Either  an  equivalent  solution  is  made  by  dissolving  l'G48ij  grm. 
of  tho  ooiu'sely  powdered  and  gently  ignited  salt  in  1  litre  of  water,  and 
l>Ortioaa  of  20  c.  c.  are  taken,  or  aeveral  portions  of  the  dry  salt,  0'05 
gi^m,,  are  weighed  off  and  dissolved,  each  in  a  separate  beaker,  in  20 — 30  c. 
<J.of  water.  To  each  st^lution  2  drops  of  a  cold  satiiratcAl  solvition  of  pure 
yellow  chromate  of  potasaa  is  added,] 

Fill  a  Mohr's  burette  (if  it  has  an  Erdmann'b  float  so  much  the  better) 
Up  to  rero  with  the  silver  solution,  and  allow  to  drop  slowly,  with  con- 
Ituit  stirring,  into  the  light  yellow  solution  contained  in  one  of  the 
ra.  Each  drop  produces,  where  it  falls,  a  red  »pot^  which  on  stir- 
disappears,  owing  to  the  instant  deeompoaitioii  of  the  chromate  of 
silver  with  the  chloride  of  sodium.  At  last^  however,  the  slight  red  col- 
oration remains.  Now  all  chlorine  has  combined  with  silver,  and  a  little 
chromate  of  silver  has  been  permanently  formed.  [The  number  of  c.  c,  of 
silver  solution  should  be  equal  to  the  number  of  milligrammes  of  chlorine 
in  the  Na  CI  employed.  An  excess  of  about  0*2  c,  c.  of  silver  s^jlution  will 
be  required  to  produce  a  visible  coloration,  and  hence  this  quantity  may 
be  deducted  from  th©  amount  used.  Should  repeated  trials  show  that 
the  silver  solution  is  not  of  exactly  the  intended  strength,  it  may  he 
brought  to  the  precise  standard  by  addition  of  water  or  nitrate  in  it^qui- 
flito  quantity.  It  is,  however,  ordinarily  better  to  take  the  mean  of 
aoverai  iicconlant  determinations  of  the  quantity  of  clilorine  precipitated 
by  1  c.  c,  of  the  silver  solution,  and  write  this  number  on  the  label  of  the 
bottle^  to  be  employed  as  a  factor  int<)  which  the  no,  of  c.  c.  of  silver  so- 
lution required  in  any  analysis  is  to  be  multiplied  to  Mnd  the  quantity  of 
clilorine  sought  for.] 

Bcsing  now  in  possession  of  a  standard  silver  solution,  and  being  practised 
in  exactly  hitting  the  trsjisition  from  yellow  to  the  shade  of  i*ed,  we  can 
determine  with  precision  hydrochloric  acid  or  chlorine  in  the  fonn  of  a 
metallic  chloride  soluble  in  water.  The  fluid  to  be  tested  nuist  be  nen- 
ttad — free  acids  dissolve  the  chromate  of  silver.  The  solution  of  tlie  sub- 
let is  therefore,  if  neee^sai'y,  rendered  neutral  by  addition  of  nitriir 
or  carbonate  of  soda  (it  should  be  rather  alkaline  than  acid),  alKmt 
■rops  of  the  solution  of  yellow  cliromatc  added,  and  then  silver  from 
tlie  burett(?,  till  thii  reddish  coloration  is  just  perceptible. 

If  the  o|>erator  fears  he  has  added  too  much  silver  solution,  f.^.,  if  the 
red  color  ii  too  strongly  marked,  he  may  add  1  c,  c.  of  a  solution  of 
chlonde  of  sodium  containing  riUf^G  in  a  litre  (and  therefore  cornr* 
sponding  to  the  silver  solution),  and  then  add  the  silver  drop  by  drop 
9ffdsu  Of  course  in  this  caae  1  c.  c.  must  be  deducted  from  the  amount 
of  silver  solution  used. 

The  results  are  very  satisfactory. 

The  fluid  to  be  analysed  should  be  about  the  same  volume  as  the  solu- 

em ployed  in  standardizing  the  silver  solotion,  and  also  about  the 

sti-ength,  otherw||B  the  small  quantity  of  silver  whicli  produces  the 
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coloration  will  not  stand  in  the  mane  proportion  to  tHc  chlorine  preseot^ 
This  small  r|uantity  of  silver  solution  is  extremely  small,  about  0*20  c.  c», 
the  inaccuracy  hereby  arising  even  in  the  case  of  quantities  of  chlorinft 
dlfienng  widely  from  that  originally  used  in  standardizing  the  silver  so- 
lution is  therefore  almost  inconsiderable.  If  the  amount  of  silver  solu- 
tion necessary  to  impart  the  coloration  always  remained  the  same,  we 
should  have  simply  to  deduct  the  amount  in  question  with  all  experi- 
ments in  order  to  avoid  this  small  inaccuracy  entirely ;  since,  however, 
this  is  not  the  case,  but,  on  the  contrary,  much  chloride  of  silver  requires 
somewhat  more  cliromate  of  silver  for  visible  coloration,  than  less  chlo* 
ride  of  silver,  tliia  method  of  proceeding  would  not  always  increase  the 
exactness  of  the  results, 

0.  i?y  Solution  of  Nitrate  of  SUver  and  Iodide  of  Starch  (PiSAJfi*s 
method*). 

Add  to  the  solution  of  the  chloride,  acidified  with  nitric  acid^  a  slij^ht 
excess  of  solution  of  niti-ate  of  silver  of  known  strength,  warm,  and  filter. 
Determine  the  excess  of  silver  in  the  filtrate  by  means  of  solution  of  iodide 
of  starch  (seep,  2  In),  and  deduct  this  from  the  amount  of  silver  solution 
used.  Tbo  diSSerence  shows  the  quantity  of  silver  which  has  combined 
with  the  chlorine  ;  calculate  from  this  the  amount  of  the  latter.  Ilesulti 
satisfactory. 

Of  these  volumetric  methods  of  estimating  chlorine,  the  first  deservni 
the  preference  in  all  ordinary  cases.  Pisanj's  method  (6,  ^)  is  especially 
suited  for  the  estimation  of  very  minute  quantities  of  chlorine,  but  is  not 
applicable  when — as  in  nitre  analyses^ — large  quantities  of  alkaline  nitrate 
are  present  (p.  211), 

IL  jS^pofYKfCon  of  Cfdorinefrom  Hie  Mttais, 
a.  In  Soltihh  Chlorides, 

The  nune  method  as  in  I.,  a.  The  metals  in  the  filtrate  are  separated 
from  the  excess  of  the  salt  of  silver  by  the  methods  which  will  be  found 
in  Section  V. 

JSichloride  of  tin,  cfdoride  of  mercury^  the  cldorideM  of  antimony^  \ 
the  greea  cMoride  of  chromium,  form  exceptions  firom  the  rule. 

et.  From  solution  of  bichloride  oftin^  nitrate  of  silver  would  prccipit 
besides  chloride  of  silver,  a  compound  of  binoxide  of  tin  and  oxide 
silver.  To  precipitate  the  tin,  therefore,  the  solution  is  mixed  with  » 
concentrated  solution  of  niti*ate  of  ammonia,  allowed  to  deposit,  the  tluid 
decanted,  and  filtered  (compare  §  126,  1,  &),  and  the  chlorine  in  the  fil- 
trate is  precipitated  with  solution  of  silver*  Luwenthal,  the  inventor  of 
this  method,  hits  proved  its  accuracy. j- 

0.  Wlien  a  solution  of  cfdoride  of  ^mercury  is  precipitated  with  solution 
of  nitrate  of  silver,  the  chlondo  of  silver  thrown  down  contains  an  admii* 
turo  of  mercury*  The  mercury  is,  therefore,  first  precipitated  by  sul- 
phuretted hydrogen,  which  must  be  added  in  sufficient  excess,  and  the 
chlorine  in  the  filtrate  determined  as  directed  in  §  169. 


♦  Anniil.  d.  Mines,  X.  83  ;  Liebig'  and  Kopp*8  Jahreilwricht  t  1856,  751. 
t  JoimL  f.  prakt.  Chem  ,  56,  371. 
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The  chloride  of  antimony  are  also  decomposed  in  the  manner  di^ 
*  in  «J.      The  separation  of  basic  salt  upon  the  addition  of  water 
_  iiy  be  avoided  by  addition  of  tartaric  acid.     The  sulphide  of  antimony 
should  be  tested  for  chlorine. 

J.  Solution  of  silver  fails  to  precipitate  the  whole  of  the  chlorine  from 
•olution  of  the  green  chloride  of  chrmniunt  (PfiLfOOT).  The  chromium  is, 
therefore,  first  precipitated  with  ammonia,  the  duid  filtered,  and  the  chlorine 
in  the  filtrate  precipitated  as  directed  in  L,  a. 

h.  In  Insoluble  Chlorides, 
a.   Chlorides  soluble  in  N'tirte  Aeid, 

XHssolve  the  chloride  in  nitric  acid,  without  applying  heat,  and  proceed 
as  directed  in  I.,  a. 

0.  Chlorides  insoluhh  in  Nitric  Acid  (chloride  of  lead,  chloride  of  silver, 
subchloride  of  mercury). 

aa.  Chloride  of  lead  is  decomposed  by  digestion  with  alkaline  bicar- 
bonate and  water.  The  process  is  exactly  the  same  as  for  the 
decomposition  of  sulphate  of  lead  (§  132,  II,,  6,,  3). 
W.  Chloride  of  silver  is  ignited  in  a  porcelain  crucible,  with  3  parts 
of  carbonate  of  soda  and  potassa,  until  the  mass  commences  to 
agglutinate.  Upon  treating  the  mass  with  water,  the  metallic 
silver  IS  left  undissolved ;  the  solution  contains  the  alkaline  chloride, 
which  is  then  treat^xl  as  directed  in  I,,  «, 

Chloride  of  silver  may  also  be  readily  decomposed  by  digestion 
with  pure  zinc,  and  dilute  aidphuric  acid.     The  separated  metallic 
silver  may  be  weighed  as  such;  it  must  afterwards  be  ascertained, 
however,  whether  it  dissolves  in  nitric  acid  to  a  clear  fluid*     The 
chlorine  is  determiued  in  the  solution  of  chloride  of  zinc  obtained, 
as  in  I.,  a, 
cc^  Subchloride  of  mercury  is  decomposed  by  digestion  with  sohition 
of  Boda  or  potassa.     The  hydrochloric  acid  in  the  filtrate  is  detor- 
mined  as  in  I.,  a.     The  suboxide  of  mercury  is  dissolved  in  nitric 
or  nitrohyclrochloric  acid,  and  the  mercury  det<trmincd  as  directed 
in  §117  or  §  118. 
c    The  soluble  eldorides  of  tlie  metals  of  ifie  fmwtli^  ffth^  arul  sixth 
ups  may  generally  be  decomposed  also  by  sulphuretted  hydrogen,  or, 
^th©  case  may  be^  sulphide  of  ammonium*     The  hydrochloric  acid  in 
filtrate  is  determined  as  directed  in  §  U)9«     It  must  not  be  omitted  to 
test  the  precipitated  sulphides  for  chlorine, 

J,  In  many  metallic  chlorides,  for  instance,  in  those  of  the  first  and 
second  groups^  the  chlorine  may  be  determined  aliio  by  evaporating  with 
sulphuric  acid,  converting  the  base  thus  into  a  sulphate,  which  is  then 
ignited  and  weighed  as  such  ;  the  chlorine  being  calculated  from  the  loss. 
This  method  is  not  appHcabhi  in  the  case  of  chloride  of  silver  and  chloride 
of  lead,  which  are  only  imperfectly  and  with  ditllctiUy  decomposed  by 
sulphuric  acid  ;  nor  in  the  case  of  chloride  of  mercury  and  bichloride  of 
tipL,  which  sulphuric  acid  faib  almost  or  altogether  to  decompose. 

Supplement 
I^eterminatUm  of  CMorvms  tn  the  ^ee  Stais, 

§142. 
Chlorine  in  the  iree  state  may  be  determined  both  in  the  volumetric 
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lad  la  the  gravimetrie  way,     Tbe  Tolitmeflsio  metfaodi^  liova^ert  ( 
Iha  fireference  in  most  caaee.     Tb^  are  yeij  tramerovuL 

I  fibal]  onlj  here  addace  that  one  which  is  undoubtedly  the  moet  a 
and  at  the  same  time  the  most  oouvenienU* 

1-    Volumetric  Method, 

With  Iodide  of  Pottutuan  {after  Buxsen). 

Bring  the  chlorine,  in  theg^aseous  form  or  in  aqueous  solution,  into  con- 
tact with  an  excess  of  solution  of  iodide  of  potassium  in  water.  Each  eq. 
chlorine  Liberates  1  eq.  iodine.  By  determining  the  Eberated  iodine  bj 
Cleans  of  hyposulphite  of  soda  aa  dfiecribed  in  g  146,  you  will  learn  i 
qtiantity  of  chlorine  with  the  greatest  accuracy.  If  you  have  to 
mine  the  chionne  of  chlorine  water,  measure  a  portion  off  with  a  ]^ 
To  prevent  any  of  the  gas  entering  the  mouth,  connect  the  upper  end  < 
the  pipette  with  a  tube  containing  moist  hydrate  of  [K)ta88a  laid  I 
cotton.  When  the  pi|^tte  has  been  correctly  filled  allow  its  contents 
Eow,  with  stirring,  into  an  exoees  of  solution  of  iodide  of  potassium  ( 1  in 
10).  When  the  latter  is  in  excess,  a  black  precipitate  is  formed.  If  tli«L 
chlorine  is  evolved  in  the  gaseous  condition,  you  may  employ  either 
apparatus  given  in  §  130,  I.,  </,  ^,  or  the  following,  which  is  <  ^ 
suitable  where  the  chlorine  is  not  pure,  but  is  mixed  with  other  gasea. 


Fiff.  50. 

a  is  a  little  flask^  from  which  the  chloiine  is  evolved  by  boiling  ii 
substance  with  hydrochloric  acid ;  it  is  connected  with  the  tube  b  b^ 
means  of  a  flexible  tube.  The  latter  must  be  free  from  sulphur — shoulc^ 
it  contain  Bulphur  it  is  well  boiled  with  tliliit^  potassa  and  tlien  thoroughly^ 
washed.  The  thinner  tube  c,  wliich  has  been  fused  to  the  bulb  of  ^^ 
leadB  through  the  caoutchouc  stop[>er  (which  has  been  deprived  of  sul^ 

^  Oompftre  article  **  Chlorimetry  ^'  in  the  Special  Part. 
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|ilnir)  to  the  bulbed  U-tube  J,  wbicli  ooufcains  solntion  of  iodide  of  pota»* 
dam,  and  wbich  for  safety  is  cormecte4  with  the  plain  U-tube  e,  also 
containbig  iodide  of  potassium  solution.  Both  tubes  atand  in  a  beaker 
filled  witii  water.  The  apparatus  otTers  the  advantages  t^t  the  fluid 
emnnot  return,  that  the  iodide  of  potassium  remains  cold,  and  that  the 
ftbaorption  is  complete.  After  all  the  chlorine  has  been  expelled  by 
boiling  long  enough,  rinse  d  and  e  out  into  a  beaker  and  meaaure  the 

I  Be  with  standard  hyposulphite  of  soda  (§  146). 
I  2*  G^rammetric  Method. 
^  fluid  under  examination,  which  must  be  free  from  sulphuric  acid, 
^r  instance,  30  grm*  chlorine  wat^r,  is  mixed  in  a  stoppci'ed  bottle, 
I  a  slight  excess  of  hjpo8ulj>hite  of  soda,  say  0*5  grm,,  the  stopper 
rted,  and  the  brittle  ke[»t  for  a  short  time  in  a  warm  place ;  after 
wiueh  the  odor  of  chlnriue  has  disajipeared.  The  mixture  m  then  heated 
to  boUing  with  some  hydrochloric  licid  in  excess,  to  destroy  the  excess 
of  hyposulphite  of  soda,  filtered,  and  the  sulphuric  acid  in  the  filtrate 
determine^l  by  barji^a  (§132),  1  eq.  sulphuric  acid  corresponds  to  2  eq. 
chlorine  (Wicke*). 

Tn  fltddit  conktining^  he^idts  free  cfdorine^  (dm  hydrocJd^ric  acldy  or  a 
metallic  cMoride^  tlio  clilorine  existing  in  a  state  of  combination  may  be 
determined,  in  presence  of  the  free  chlorine,  in  the  following  way : — 

A  weighed  portion  of  the  fluid  is  mbted  with  solution  of  sulphurous 
acid  in  excess,  the  nature  acidified^  after  some  time,  with  nitric  acid, 
and  the  whole  of  the  chlorine  precipitated  as  chloride  of  silver.  The 
quantity  of  the  free  chlorine  is  tlien  determined  in  another  weighed 
portion,  by  means  of  iodide  of  potaaalum;  the  diflereuce  gives  the 
amount  of  combined  chlorine,f 


143. 


Having  thus  seen  in  how  simple  and  accurate  a  manner  the  quantity 
of  firee  chlorine  may  be  determined  by  Bunsen's  method,  it  will  be 
readily  understood  that  all  oxides  and  peroxides  which  yield  chlorine 
when  heated  with  hydrochloric  acid,  may  be  analyzed  by  heating  them 
with  concentrated  hydrochloric  acid,  and  detennining  the  amount  of 
chlorine  evolved.     For  the  modus  operandi  compai'e  L 

^H  2.  Hydrobrokio  Acm, 

^^P  I.  Ihiermlnaiion. 

t  4L  Ag  bromide  of  silver,  Free  hydrobromic  acid — ^in  a  solution  free 
from  hydrochloric  acid  or  chlorides — is  precipitated  by  silver  solution, 
and  the  further  process  is  conducted  as  in  the  C4i8e  of  hydrochloric  acid 
(§  141).  For  the  properties  of  bromide  of  silver,  see  §  1»4,  2.  The 
renilta  are  perfectly  accurate* 

♦  Annal.  d,  Chem.  u,  Pharni.  99,  99. 

f  If  cMorine  water  i«  mixed  at  once  with  solution  of  nitrate  of  silyer,  |  only 
of  the  chlorine  are  obtained  as  chloride  of  silver ;  6  CI  -f  6  Ag  O  =  5  Ag^  CI  + 
A^O,  CI  O^  (K  Roae,  VVeltaien,  AnnaL  d.  Chem.  u,  Phann.  91,  45K  If  chlorine 
water  i^  mixed  with  ammonia  in  excess,  there  are  formed  mi  firat  chloride  of  am- 
maoiam  and  hTpochlorite  of  ammoma,  the  latter  then  gradually  decomposes 
into  nitrogen  and  chloride  of  ammonium ;  however,  a  little  chlorate  of  ammo- 
nia U  also  formed  beddes  ( Schdnbein,  Joiun.  1  ptakt.  Chem.  $4,  886) ;  Zeit> 
■chzift  f.  aaaljl  Chem.  2,  59. 
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The  foUowiikg  roethodB  are  espeeiallj  BerviceAble  lor  the  deteniuiifttaoA 
of  small  amoimta  of  bromine ;  thej  are  applicable  in  tlie  preBeaoe  of 

chlorides, 

L  With  chlorine  wcUer  and  ehloraform  (after  A.  RSDiami*)* 
method  depends  on  the  i&cU  that  chlorine  when  added  to  bromiclfli 
liberat^^  the  bromine  and  then  combines  witli  it,  and  that  brofmne  oolooi 
chloroform  yellow  or  orange,  while  chloride  of  bromine  merely  c»mmti- 
nicates  a  yellowish  tinge  to  that  fluid.  The  process  is  as  foUowa  t — Mix 
the  liquid  containing  a  bromide  of  an  alkali  metal  in  neutral  solution,  in 
a  8top|)ered  bottle  with  a  drop  of  pure  chlorofonn  about  the  size  of  a 
hazel-nut,  then  add  standard  chlorine  water  from  a  burette,  protected 
from  the  light  by  being  surrounded  with  black  paper.  On  shaking^, 
the  chloroform  becomes  yellow,  on  further  addition  of  chlorine  water^ 
.  orange,  then  yellow  again,  and  lastly^ — at  the  moment  when  2  eq.  chlo- 
rine have  been  used  for  1  eq.  bromine—yellowish  white  (K  Br  -h  2  CI  =^ 
K  CI  4-  Br  CI).  Considemble  practice  and  skill  are  required  before  the 
operator  can  tell  the  end-reaction.  He  will  be  assisted  by  placing  the 
bottle  on  white  paper  and  comparing  the  color  of  the  chlorofonn  with 
tliat  of  a  dUute  solution  of  yellow  chromate  of  potassa  of  the  required 
color.  The  strength  of  the  chlorine  water  should  depend  on  the  amounl 
of  the  bromine  to  be  determined.  It  should  be  so  adjusted  that  about 
100  c.  c.  may  be  used.  The  chlorine  water  is  standanli^ed  with  iodide 
of  potassium  and  hyposulphite  of  soda  (§  142,  1).  The  method  is  es- 
pecially suited  for  the  determination  of  small  quantities  of  bromine  in 
mother  liquors,  kelp,  Sic.  The  results  are  very  approximate :  *,*7.,  0*0180 
instead  of  0-0185— 0'055  instead  of  0"059— 0*01 12  instead  of  O'oiOO,  Acl 
If  the  fluid  contains  organic  substances,  it  is — after  being  rendered  alka- 
line with  caustic  soda — evaporated  to  dryness^  the  ivsidue  ignited  in  i 
silver  dish,  extracted  with  water,  the  solution  neutralized  exactly  with 
hydrocMoric  acid,  and  then  tested, 

c.  Heine's  colmimHric  vieUu>d*\  The  bromine  is  liberated  by  means 
of  chlorine,  and  received  in  ether;  the  solution  is  compared,  with  re^ 
spect  to  color,  with  an  ethereal  solution  of  bromine  of  known  strength^ 
and  the  quantity  of  bromine  in  it  thus  ascertained.  FehlinoJ  obtained 
satisfactory  results  by  this  method.  It  will  at  once  be  seen  that  the 
amount  of  bromine  contained  in  the  fluid  t<o  be  analyzed  must  be  known 
in  some  measure,  before  this  method  can  be  resortetl  to.  As  the  brine 
examined  by  Fehling  could  contain  at  the  most  0*02  grm.  bromine  in 
60  grm.,  he  prepared  ten  different  test  fluids,  by  adding  to  ten  several 
portions  of  GO  grm.  each  of  a  saturated  solution  of  common  salt  increas- 
ing quantities  of  bromide  of  potassium,  containing  respectively  from. 
0*002  grm.  to  0*020  grm.  bromine.  He  added  an  equal  volume  of  ether 
•  to  the  test  fluids,  and  then  chlorine  water,  until  there  was  no  further 
change  observed  in  the  color  of  the  ether.  It  being  of  the  highest  im- 
portance to  hit  this  point  exactly,  since  too  little  as  well  aa  too  mucli 
chlorine  makes  the  color  appear  lighter,  Fehlino  prepared  three  samploft 
of  each  test  fluid,  and  then  chose  the  darkest  of  them  for  the  compari- 
son.    60  grm.  are  now  taken  §  of  the  mother  liquor  to  be  examined^  thft 

•   Annal.  d.  Chemru.  Pharm.  115,  140. 

f  Joum.  f  prakt.  Cbem,  36,  184,  proposed  to  effect  the  determlnatioa  of  biQ* 
nine  in  mother  liquora. 

i  Joum,  1  prakt.  ChenL  4o,  269, 

§  The  best  way  is  tu  take  Uiem  by  measure. 
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Mine  volume  of  ether  addod  as  was  added  to  the  test  fluids,  and  then 
chlorine  wat>or.  Every  experiment  is  repeated  several  times.  Direct 
sunlight  must  bo  HVoide<i,  and  the  operation  conducted  with  proj>er  ex- 
pedition. In  mj  opinion  it  is  well  to  replace  the  ether  by  chloroform 
or  bisulphide  of  carbon, 

IL   tS^parafioti  of  JlroTninefrom  the  Metah, 

The  metallic  bromides  are  analzyed  exactly  like  the  corresponding 
chlorides  (§  141,  II.,  a  to  d)^  the  whole  of  these  methods  being  appli* 
cable  to  bromides  as  weU  as  chlorides.  In  the  decomposition  of  bro- 
midnfi  by  sulphuric  acid  (§  141,  If.,  </),  porcelain  crucibles  must  be  used 
ixiflteiid  of  platinum  ones,  aa  the  latter  would  be  attacked  by  the  liber- 
ated bromine. 


SupplefMnL 

J}eiemiincUum  of  Free  Uromine* 


UL 


ETree  bromine  in  aqueous  solution,  or  evolved  in  the  gaseous  form,  Is 
Dsed  to  act  on  excess  of  solution  of  iodide  of  potassium.  Each  eq, 
Dfmine  liberates  1  eq,  iodine,  which  is  most  conveniently  determined 
by  means  of  hyposulpliite  of  soda  (§  14G).  As  regards  the  best  mode 
of  bringing  about  the  action  of  the  bromine  on  the  iodide  of  potassium^ 
compare  §  142,  L 

The  determination  of  free  bromine  in  presence  of  by drobromic  acid 
or  metallic  bromides  ijs  effected  in  the  same  manner  as  that  of  free 
chlorine  in  presence  of  hydrochloric  acid  (see  g  142,  at  the  end). 

§  U5- 
3,  Hydriodic  Acid, 

!•  Determination^ 
a.  As  Iodide  op  Silver,  Gravtmetrically,— If  you  have  hydriodie 
acid  in  solution^  free  from  hydrochloric  and  hy drobromic  acids,  precipi- 
tate with  nitrate  of  silver,  and  proceed  exactly  as  with  hydi'ochloric 
ftdd  (§  HI).  For  the  properties  of  iodide  of  silver,  see  §  94,  3.  The 
resulta  are  perfectly  accurate. 

ft.    As  PllOTlODIDE  OF   PALLADIUM,  GRAVIMETRIC  ALLY, The  following 

miethod,  recommended  fii-st  by  LASSAitiNE,  is  resorted  to  exclusively  to 
«ffi?ct  the  separation  of  hydriodie  acid  from  hydrochloric  and  hydrobromic 
acid8«  for  which  purpc»se  it  is  extremely  well  adapted.  Acidify  the  soiu- 
tion slightly  with  liydrochloricacid,  and  add  a  solution  of  protnclilonde  of 
palladium^  as  long  as  a  precipitate  forms  ;  let  the  mixture  Btand  from  Hi 
to  48  hours  in  a  waiin  place,  filter  the  brownish-black  pi^cipitate  off  on  a 
weighed  filter,  wash  with  warm  water,  and  dry  at  a  temperature  from 
about  70**  to  80*^,  until  the  weiglit  remains  constant.  The  drying  may  be 
greatly  facilitated  by  replaciTig  the  water  (after  the  operation  of  waahing) 
by  aome  alcohol,  and  the  latter  fluid  agiiin  by  a  little  ether.  For  the  pro- 
perties  of  the  pmcipitate,  see  |  94,  3.  Tbia  method  gives  very  accurate 
results,  provided  the  drying  be  managed  with  proper  care ;  but  if  the 
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Jmi&md  of  fimfkj  dfying  lbs  protiftJide  of  palladisBiy  and  wei^ 
ing  it  m  tfajit  form,  jcra  nuj  ignite  it  in  a  erveible  of  poroefauii  or  j^ 
tinum,^  umI  calcniate  tiie  iodmo  from  llie  readsmx  metetUc  pftUadiam 
(H.  Ko«E). 

c  With  Cm/mirK  Water  akv  CMtosoroEn  {after  A.  aimI  F, 
Dupsi^).  This  is  bduied  upon  the  circumsbuice  tL^t,  when  cliloriii# 
water  or  flolntioD  of  diloride  of  soda  is  added  to  a  metallic  iodide^  tfae 
first  equivalent  of  chlorine  liberates  iodine^  which  then  combines  with  b 
more  equivalents  of  chlorine  to  pentachloritle  of  iodine.  Goi-Frca-B] 
an'RE  &jdds  starch  pajste  to  render  this  transitioB  peroefitihie^  whikt  A^  and 
F.  DL'PRt  employ,  with  mach  better  gneceaa,  chloroform  or  bMRilpliiile  of 
carbon,  which  are  colored  intensely  violet  by  free  iodine  as  well  as  hj 
compounds  of  iodine  with  chlorine  containing  less  than  5  eq.  chlorinaw^^ 

The  process  may  be  conducted  in  two  ditS&rent  ways. 

a.  Add  chlorine  water  to  a  few  litres  of  water,  and  determine  the  chlo- 
rine in  the  fluid  as  directed  in  §  142. 

Take  now  of  the  fluid  under  examination  a  quantity  containing  no  more 
than  about  ID  mgrm.  ioiline,  and  pour  thi^  into  a  stoppered  bottle,  fidd  a 
few  grammes  of  pure  chloroform  or  pure  bisulpldde  of  carbon  (free  from 
sulphur  and  sulphuretted  hydrogen),  and  then  gradually,  drop  by  tl  ; , 
chlorine  solution,  adding  and  shiSdng  vigorously  by  turmi,  until  the  \  ijv:x 
color  of  the  chloroform  or  bisulphide  of  carbon  just  disappears ;  whidi 
point  maybe  hit  with  the  greatest  precision.  C  eq,  chlorine  consumed  in 
this  process  correspond  to  1  eq.  iodine.  A  still  simpler  way  is  to  deter- 
mine  the  strength  of  the  dilute  chlorine  water  by  making  it  act  upon  a 
known  qtmntity  of  iodide  of  potassium,  say  10  c.  c.  of  a  solution  con- 
taining 0*00 1  grm,  iodine  in  1  c.  c,  and  tJien  to  apply  it  to  tlie  fluid  under 
examination.  The  amount  of  chlorine  consumed  in  the  first  experimenl 
is,  in  tliat  case,  to  the  knou^  amount  of  iodine  as  the  quantity  consumed 
in  the  second  experiment  is  to  x. 

In  cases  where  the  quantity  of  iodine  is  so  considerable  as,  when  sejii- 
rated,  to  im[rai-t  a  distinctly  perceptible  coloration  to  the  fluid,  it  is  beder 
to  delay  adding  the  chJoroform  or  bisulphide  of  carbon,  until  the  color 
Brst  produced  has  nearly  dieap^ieared  again  upon  further  addition  of 
chlorine  water. 

That  this  iiif'thod  cannot  he  employed  in  presence  of  substances  liable  to 
be  acted  upon  by  free  chlorine  or  iodine,  is  self-evident;  organic  matters, 
more  partiridurly,  must  not  be  present.  If  they  are,  as  is  usually  the  case 
with  mother  liquors,  the  method  ^  should  be  employed. 

^.  Add  tti  the  fltiid  under  examination  chlorofonn  or  bistilphide  of 
carbon,  then  dilute  ehloriue  water  of  unknown  stn^ngth,  until  the  fluid  is 
jttst  decolorized.  At  this  point  all  the  iodine  is  converted  in  I  01^.  AM 
now  solutiou  of  iodide  of  potassium  in  moderate  excess ;  this  will  pro*iuf« 
for  every  erjuival en t  of  I  L%^  (i  eq.  free  iodine,  which  remain  dissolved  is 
the  fluid.  Deter  mine  the  liberated  iodine  with  hyjmsulpliite  of  nodi 
or  suljihurous  acid,  aa  directed  in  §  141  J,  and  divide  the  quantity  found 
by  G  ;  the  quotient  expresses  the  quantity  of  iodine  contained  in  the  ex- 
amined ^uid* 


ltd  I 


♦  Thin  substance  is  not  injured  by  the  operatioa. 
f  AnuoL  d  Chem.  u,  PhAnn.  94,  365. 
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In  presence  of  bromides,  DupKt's  method  requires  certftin  modificatioBaj 
^fer  vrliidi  I  refer  to  §  169. 

This  met-hod  is  suited  more  particularly  for  tb©  estiuiatioii  of  minute 
l|Ufco titles  of  iodine.     The  results  are  most  accurat-e* 

</»  By  Distillation  witu  SEsQuirnivORiDE  of  Iron  (after  Duflos). 
When  hydriodic  acid  or  a  metallic  iodide  is  heated,  in  a  distillatory 
•pjwnitns,  with  solution  of  pure  sesqmckloride  of  iron,  the  whole  of  the 
ioiiiue  escapes  along  with  the  afjiieous  vapor  and  protoehloride  of  iion 
is  furaied  ( Fe,  CI,  4-  H  I  =:  2  Fe  CI  -f  H  CI  +  I ) ■  The  iodiBe  passing  over  is 
received  in  solution  of  iodide  of  potassium  (apparatus^  fig.  5D,  p.  308), 
and  its  quantity  dftormined  by  meunsof  byposulphit«  of  soda  or  sulphurous 
iicid^  a«  directed  §  14(i,  In  employing  this  methoil,  it  must  be  borne  in 
mind  that  the  sca^iuiehloride  of  iron  must  be  free  from  chlorine  and  nitnc 
Mcid.  It  is  best  to  pre{)ai'e  it  from  sesquioxide  of  iron  and  hydrochloric 
acid. 

«.  By  Sepahatiok  with  Hypokithic  Acid.  See  separation  of  iodine 
from  chlorine,  §  169. 

IL    Scj)aratwn  of  loillne  from  tits  JleUds, 

The  metallic  iodides  are  analyzed  like  the  corresponding  chlorides. 
From  iodideft  of  the  alkali  metals  containing  free  alkali  the  iodine  may 
be  precipitated  as  iodide  of  silver,  by  fjint  satuiiiting  the  free  alkali 
almost  completely  with  nitric  acid,  then  adding  solution  of  nitrate  of 
silver  in  exeeiis,  and  finally  nitric  acid  to  strongly  atid  reaction.  If  an 
excess  of  acid  were  added  at  the  beginning,  fi*ee  iodine  might  separate, 
which  is  not  converted  completely  into  iodide  of  silver  by  solution  of 
oitTmle  of  silver. 

With  re-spect  to  the  salts  insoluble  in  water,  I  have  to  ol>serve  that 
many  of  them  are  more  ad  vantageously  decomposed  by  boiling  with  potassa 
or  soda,  than  diissolved  in  dilute  nitnc  acid,  the  latter  process  being  apt 
to  be  attended  with  separation  of  ioiline.  This  apjiliea  mora  pailicularly 
t*>  subiodide  of  copj>er  and  to  protiodide  of  palladiura.  From  iotlides 
noluble  in  water,  the  iodine  may  also  be  precipitated  as  prutioilide  of 
palladium. 

LajBtly,  it  iB  open  to  the  analyst  in  almost  all  cases  to  determine  tbe 
base  in  one  portion  of  tlie  compound,  by  heating  with  concentrated  sul- 
phuric acid,  the  iodine,  in  another  portion,  by  the  metliod  I.,  e.  The 
iodide  of  mercury  is  best  decomposed  by  distillation  with  8  to  10  parts  of 
a  mixture  of  1  jiart  cyanide  of  potassium  with  2  parts  anhydrous  lime. 
App«nituSy  %.  50,  p.  222  ;  o  &  is  filled  with  magncsite  (II.  Kobe  •). 

Si/ppleniefiL 

IhterminaiUm  of  Fttt  Iodine, 

§H6. 

The  determination  of  free  iodine  is  an  operation  of  great  importance  in 
analytical  chemistry,  since,  as  Buksen'  first  pointed  out,  it  is  a  means  for 
the  cstinmtiou  of  all  those  substances  wldch ,  when  brought  iJito  contact  with 
iodide  of  potassium,  separate  from  the  same  a  definite  quantity  of  iodine 
(«.^.,  chlorine,  bromine^  4ec.),  or,  when  boiled  ^-ith  hydrochloric  acid,  yield 

♦  Zeitachrift  1  anal.  Chem.  2,  1. 
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a  definite  quantity  of  cWorino  (<^.<7.,  chromic  acid,  some  peroaddes,  ( 
By  causing  the  chlorine  produced  to  act  on  iodide  of  potastduni,  we  obtt 
the  equivient  quantity  of  free  iodine. 

BUXSEK  AND  ScHWARz'a  METHOD, 

This  method  is  based  on  the  following  reaction  2  (NaO  S^  O^)  -f-I™ 
NalH-NaOS,  O5. 

a»  Requisites. 

a.  Iodine  Ww/ion  of  known  strengh.  Dissolve  6*2  to  6 '3  grm,  iodine 
with  the  aid  of  about  9  grm,  iodide  of  potassium  (free  from  iodic  add) 
and  water  to  about  1200  c.  c. 

3.  Solution  of  hifpomtiphite  of  soda.  Dissolve  12*2  to  12*3  gnn.  of 
the  pure  and  dry  &ait  ij^  water  to  about  1200  c.  c. 

y.  Sohition  of  iodide  of  potassium.  Dissolve  1  part  of  the  salt  (free 
from  iodic  acid)  in  about  10  parts  of  water,  Tbe  solution  must  be  coJ- 
orless  and  must  remain  so  immofliately  after  the  addition  of  dilute  sul- 
phuric or  hydrochloric  acid  (either  mast  be  iron-free). 

0.  /Starch  solutfon.  Stir  the  purest  starch  powder  gradually  with 
about  100  parts  cold  water  and  heat  to  boiling  with  constant  stirring. 
Allow  to  cool  qviietly,  anil  pour  oif  the  fluid  from  any  deposit.  Tku 
solution  should  he  almost  clear  and  free  fi*om  all  lumps.  The  sti 
solution  is  best  prepared  fresh  before  each  series  of  experiments^ 

L    PRELIMmABY   DETERMINATIONS, 

a,  Determinaiimi  of  the  rdaium  between  tlie  JodiTte  SoiuHan  <W  i 

IfyposulphiU  Solution. 

Fill  two  burettes  with  the  solutions.  Run  20  c.  c.  of  the  bypOBul- 
pMte  into  a  beaker,  add  some  water  and  3  or  4  c.  c.  starch  solulian, 
then  add  the  iodine  till  a  blue  coloration  is  just  produced.  If  you  have 
added  a  drop  too  much,  run  in  one  or  two  drops  more  of  the  hyp 
phite,  and  then  more  cautiously  one  drop  aft-er  another  of  tlie  io 
solution.  After  a  few  minutes  read  otf  the  height  of  the  fluid  in  I 
burettes,  Suppose  we  had  used  20  c.  c*  hyposulphite  to  20*2  c  1 
iodine, 

^,  Exact  Determination  of  the  Iodine  in  the  Solution, 
This  is  performed  by  comparison  with  a  known   quantity  of 
iodiiic;  the  process  is,  as  far  as  my  experience  goes,  best  conducted  I 
the  following  manner; — 

Select  three  watch-glasses,  a,  ft,  and  Cj  which  fit  e-ach  other;  weigli| 
and  c  together  accurately.  Put  about  0*5  gnn.  pure  diy  iodine  (jtl 
pared  according  to  §  G5,  5)  into  a,  place  it  on  an  iron  plate  and  heat  j 
tly,  till  dt^nse  fumeii  of  iodine  escape.  Now  cover  it  with  b  and  i-egnli 
the  heat  so  that  the  iodine  may  sublime  entirely  or  almost  entii*ely  int< 
h.  Next  remove  t,  while  Btill  hot,  give  it  a  gentle  swing  in  tlie  air,  to 
remove  the  still  uncoudensed  iodine  fumes  and  any  traces  of  aqueous 
vapor,  cover  it  with  r,  allow  to  cool  under  the  desiccator,  weigh  anJ 
transfer  the  two  watch-glasses,  together  with  the  weighed  ioiline,  to  a 
capacious  beaker,  containmg  a  sufficient  qxiantity  of  iodide  of  potassinm 
soliition  to  dissolve  the  whole  of  the  iodine  to  a  clear  fluid.  Now  rtm 
in  hyposulphite  from  the  burette  till  the  fluid  is  just  decolorixed,  add  3 
to  4  c.  c.  starch  Bolution^  and  then  iodine  solution  from  a  second  1 
to  LQcipient  blueuess. 


§  H6.] 
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After  the  two  burettes  have  been  read  off,  the  following  simple  calcu- 
lation gives  tlie  strength  of  the  iodine  solution  : — 

Suppose  we  had  weighed  off  01 00  grm,  iodine,  and  used  29*5  c.  c 
hjpoaulphite  and  0'3  c.  c.  iodine  solution- 

From  a,  we  know  that  20  c.  c.  hyposulphite  correspond  to  20*2  c«  c, 
iodine  solution ;  29*5  c.  c.  thereforo  coiTespond  to  29'8  c.  c. 

Now  29%')  c.  c.  hyposulphite  correspond  to  0'150  grra.  iodine -f  0*3  c  c. 
iodine  solution. 

But  29*5  c.  c.  hyposulphite  also  correspond  to  29 '8  c.  c.  iodine  solu* 
lion. 

.*-0*150  grm,  iodine+0'3  c.  c.  iodine  solution=29'S  c.  c,  iodine  solu- 
tion. 

/.0-I50  grm.  iodine=29'5  c.  c*  iodine  solution. 

.*,]  c.  c»  iodine  solution=0'0050847  grai,  iodine^ 

The  experiment  just  described  is  repeated  and  the  mean  of  the  two 
results  taken,  provided  they  exhibit  sufficient  uniformity. 

y,  JHlution  of  ike  standard  jluids  to  a  cornvenieni  strength. 

With  the  aid  of  the  iodine  solution  the  strength  of  which  we  now 
know  exactly,  and  the  solution  of  hyposidphite  of  soda  wluch  stands  in 
m  known  filiation  to  the  same,  we  might  make  any  determinations  of 
iodine.  The  calculation,  although  in  principle  extiemoly  simple,  is  yet 
somewhat  hamj>ered  by  reason  of  the  long  decimal  which  expresses  the 
quantity  of  iodine  in  1  c.  c.  of  the  solution.  It  is  thei^fore  convenient 
to  dilute  the  iodine  solution  so  that  1  c.  c.  may  exactly  contain  0*005 
gnu.  iodine.  Ttds  is  done  by  filling  a  litre  flask  therewith,  and  adding 
the  necessary  quantity  of  water  ;  in  our  case  1G"94  c.  c,  for  5  ;  5*0847 
::1000  :  lO  16-94.  if  tho  litre  fla&k  will  hold  above  the  mark,  thia 
16'd4  c.  c,  it  is  simply  added,  otherwise  it  is  put  into  the  dry  bottle 
destined  to  receive  the  iodine  eohition,  the  iodine  solution  added^  the 
whole  ah&ken  together,  a  portion  of  the  fluid  i*eturaed  to  the  tiask, 
ahmken,  poured  back  into  the  bottle,  and  the  whole  shaken  again. 

The  solution  of  hyposulphite  may  now  be  diluted  in  a  corresponding 
m&nner.  In  our  case  we  should  have  had  to  add  27*11  c,  c.  water  to 
1000  c.  c.  of  the  solution,  as  will  be  seen  from  the  following  considera- 
tion: — 

20'2  c.  c.  of  the  original  iodine  solution  correspond  to  20  c.  c.  of  the 
hyposulphite  solution. 

.\1000  c.  c.  con-espond  to  990*1  c.  c. 

Now  these  IQOO  e.  c.  were  made  up  to  1010*94  by  addition  of  water ; 
if  therefore  we  make  up  990*1  c.  c.  of  the  hyposulphite  of  soda  to  tho 
same  bulk  by  addition  of  water  we  shall  have  equivalent  solutions. 
Hence,  to  990'1  c.  c.  we  must  add  26'84  c.  c.  water,  or  to  1000  c.  c. 
27*11  water. 

In  such  cases  of  dilution,  I  always  prefer  to  take  exactly  1  litre  in- 
itead  of  an  uneven  number  of  c.  c,  as  in  measuring  the  latter  errors  and 
inaccuracies  may  readily  occur;  I  have  therefore,  above,  recommendod 
tho  preparation  of  1200  c.  c.  of  the  fluids,  so  that  after  their  determina- 
tion 1000  c.  c,  may  be  sure  to  remain. 

c.  The  actual  Analysis. 

Weigh  the  iodine,  best  in  a  small  flask,  dissolve  in  the  iodide  of  po- 
uui  solution,  using  about  5  c.  c.  to  0'  1  grm.  of  iodine,  add  hypoaul- 
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plilte  flolnticm  frcrtii  the  burette  till  decoloration  is  just  prr*  n 

3  or  4  c.  c.  starch  solution,  then  iodine  BoKition  from  a  secoTiu  to 

incipient  bluenesR.  The  Bubstance  contains  the  nmie  amonnt  of  iodine 
08  the  c.  c,  of  iodine  solution  corresponding  to  the  hyposnlphite  tued 
mlnu^  the  c,  c.  of  the  former  nsed  to  destroy  the  exceas  of  the  latter. 
Where  the  Bolntiona  are  of  equal  value  and  1  c.  c.  corresponds  to  0*005 
grm.  iodine,  the  calculation  is  in  the  highest  degree  esimple ;  for  Rupfjose 
we  liad  used  21  c,  c.  Ka  O,  S.  O,  and  1  c.  c.  iodine,  the  qnantity  of  iodine 
present  is  0*100  gmi. 

21—1=20,  and  20  x0'005  =^0*100, 

d.  Keeping  of  the  Solittions. 

The  iodine  solution  and  the  hyposulphite  solution  are  kept  in  glws- 
Ktojipei*ed  bottles  in  a  cool,  dark  place.  Tlie  former  then  sutfera  no 
alteration,  and  the  latter  also  is  stable  or  only  slightly  liable  to  change. 
Caution  detnands,  that  the  relation  between  the  two  solutions  should  be 
tested  before  each  new  series  of  experiments.  The  known  amount  of 
iodine  in  the  iodine  solution  is  and  always  remains  the  basis  of  the  pro* 


If  a  fluid  contains  free  iodine  in  presence  of  iodine  in  a  state  of  cem* 
bination,  the  former  is  determined  in  one  portion,  by  the  preceding 
method,  and  the  total  amount  of  iodine  present  in  another  portion.  To 
this  end,  aulphurous  acid  is  added  imtil  the  fluid  appears  colorless,  aiul 
then  solution  of  nitrate  of  silver  (g  145,  I.,  a) ;  the  mixture  U  digvftd 
with  nitric  acid,  to  remove  any  sulphate  of  silver  that  might  have  bten 
tiirowu  down  along  with  the  iodide,  filtered,  ^ ;  or  the  fluid  is  disttUid 
with  sesquichloride  of  iron,  as  dii^ected  in  §  14 5,  I^dL 

4.  Htdroctaxic  Acm, 

L  Deiemiination, 

€L  If  you  have  free  hydrocyanic  acid  in  solution,  mix  the  solution,  is 
a  ratlier  dilttte  state,  with  a  solution  of  nitrate  of  silver  in  ex  -Mi 

little  nitric  acid,  allow  to  settle  without  warming,  and  deteru  t^ 

cipi{«t«>d  cyanide  of  silver  either  by  collecting  on  a  weighed  :  ng 

at  100^  and  weighing  (§  115,  3),  or  by  collecting  on  an  unv  rr 

and  oanverting  into  metallic  sUver.  The  latter  operation  is  jjerluniiei 
by  igniting  the  precipitate  in  a  porcelain  crucible  for  ^  hour,  or  till  it 
eeasss  to  lose  weight  (H.  Kos£), 

If  you  wish  to  determine  in  this  way  the  hydrocyanic  acid  in  bitter 
almond  water  or  cherry  laurel  water,  add  ammonia  after  the  additicNi  of 
the  solution  of  nitrate  of  silver  till  the  fluid  has  become  clear,  and  st 
onoe  supetaalitiafts  slj^tly  with  nitric  acid.  This  modification  of  th« 
MMOBs  18  indtspenMUe  to  precipitate  from  these  fluids  the  whole  of  ti»e 
hydroeyamc  acid  as  cyanide  of  silver.  In  msssaiix^  a  fluid  eontsining 
hydfocyanic  acid  with  a  pipette^  hare  a  little  tmbe  filled  with  gianiiUt«<i 
9oda-lime  bdwtutt  Ihs  kttor  and  the  moiith. 

k  LnuuaV  Vdmmttrk  Jfii4^»— If  hydrocyanic  add  is  mixed  mlh 
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to  fftrong  alkaUne  reaotion,  and  a  dilute  solution  of  nitratd  of 
•  is  then  added,  a  permanent  turbidity  of  cyanide  of  ailver — or,  if  a 
ops  of  Bolution  of  chloride  of  sodium  have  been  added  (which  is 
ajB  advisable),  of  chloride  of  silver^ — ^forms  only  after  the  whole  of 
?  cyanogen  is  converted  into  double  cyanide  of  ailver  and  potassium.  The 
f  drop  of  solution  of  nitrate  of  silver  added  in  excess  pi-oduces  the  per- 
pnt  precipitate.  1  eq.  nil  ver  consumed  in  the  process  corresponds,  there- 
»re^ejLact]y  to  2  eq.  hydrocyanic  acid  (2  K  Cy  +  Ag  O,  NO^^^Ag  Cy,  K  Cy 
-K  O,  N  Oji).  A  decinonnal  solution  of  nitrate  of  silver,  containing 
[>iisequently  10*707  grm.  ailver  in  the  litre,  should  be  used;  1  c*  c.  of 
'  Liiolution  corresponds  to  0*0054  of  hydrocyanic  acid-  In  examining 
■  hydrocyanic  acid,  5  to  10  grm,  ought  to  be  uaed,  but  of  bitt-er 
water  about  50  grm. ;  if  exactly  5 "4  or  .54  grm,  are  used,  the 
c,  of  the  silver  solution,  divided  by  10,  or  by  100,  expresses  exactly 
lie  percentage  of  hydrocyanic  acid*  Medicinal  hydrocyanic  acid  is  sui ta- 
lly diluted  first  by  adding  from  5  to  8  volumes  of  water ;  bitter  almond 
^ater  alao  is  slightly  diluted  ;  if  turbid,  alcohol  ib  added,  until  the  tur- 
lity  disappears^ 

BSIO  has  examined  hydrocyanic  add  of  Tarious  d^rees  of  dilution, 
\  obtained  results  by  this  method  corresponding  exactly  \^^th  those 
Ined  by  a.     In  this  method  it  does  not  matter  whether  the  hydro- 
acid  contains  an  admixture  of  hydrochloric  acid  or  formic  acid, 
oonaiderable  excess  of  potassa  must  be  avoided. 

If  it  is  intended  to  determine  cyanide  of  potassium  by  this  method,  a 

ion  of  that  salt  must  be  prepared  of  kno,wn  strength,  and  a  measured 

Utity  U3*e<l  containing  about  O'l  grm.  of  the  salt.     Should  it  contain 

Ipbide  of  potassium,  a  small  qnatitity  of  freshly  precipitated  carbonate 

lead  must  be  first  added,  and  the  solution  filtere<l  before  proceeding 

^  tlie  determination* 

EL   SeparrUUm  of  Ctfanogen  fram  ifte  Meicdg. 
o.  J^n  Cyanides  of  tits  AIJ:ali  Metals. 

Mix  the  substance  (if  solid,  -without  previous  solution  in  water)  with 

I  of  nitrate  of  ailver  solution,  then  add  water,  finally  nitric  add  in 

\  excess,  allow  to  settle  without  warming,  and  determine  the  cyanide 

er  as  in  L,  a.     The  bases  are  determined  in  the  filtrate  after  sepa- 

tlie  excess  of  silver. 

8«  Tn  Vj/anidg9f  which  ore  tcuUjf  decomposed  hy^  and  soluble  in,  Nitrio 

icieL 

Digest  for  some  time  with  nitrate  of  silver,  stirring  frefiuently,*  then 

nitric  acid  in  modei-ate  exc«^s,  and  digest  at  a  gentle  heat,  till  the 

breign  cyanide  is  fully  dissolved  and  the  cyanide  of  silver  has  become 

and  quite  white.     Then  filter*     As  a  precautionary  measure  it  is 

rell  to  test  the  metal  obtained  by  long  ignition  of  the  cyanide  of  silver, 

it  is  &ee  from  those  met^  which  were  combined  with  the 


Cr  Tn  Cyanide  of  Mercttry, 

Predpitate  the  aqueous  solution  witk  sulphuretted  hydrogen ;  the  atil- 
of  mercury  may  be  filtered  without  difficulty  if  a  little  ammonia 


^  Bcmbla  oyai^ide  of  nickel  and  potasaiiun  yielda  bv  tbJa  process  a  mixtitfe  of 
of  siliM&r  with  cyanide  of  nickei     Other  double  cjamdes  are  ■t™nM4y 
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or  hydrocliloric  add  be  added;  it  is  detennined  aocordiiig  to  §  118,  3, 
If  the  compound  is  in  the  solid  condition,  the  cjranogen  may  be  deter- 
mined in  another  portion  by  ignition  with  oxide  of  copper^  the  nitrogen 
and  carbonic  acid  being  collected  and  separated  (comp.  organic  analysis) . 
H,  Rose  and  Fikken-er*  give  the  following  method  for  det^rmiuiiig 
cyanogen  in  solutions  of  cyarudo  of  morcnry.  Mix  the  solution  of  the 
cyanide  of  mercury  with  nitrate  of  zinc  dissolved  in  ammonia.  To  1 
part  of  mercury-salt  add  about  2  parts  of  the  zinc-salt*  Add  to  the 
dear  solution  suljiburetted  hydrogen  water  gradually  till  it  produces  a 
perfectly  white  precipitate  of  sulphide  of  zinc.  The  precipitate,  which 
ia  a  mixture  of  the  sulphides  of  mercury  and  rinc,  settles  well.  After 
a  quarter  of  an  hour  filter  it  off  and  wash  with  very  dilute  ammonift. 
The  filtrate  contains  cyanide  of  zinc  dissolved  in  ammonia,  together  with 
nitrate  of  ammonia.  It  does  not  smell  of  hydrocyanic  acid,  and  conae- 
quently  no  escape  of  the  latter  takes  place.  Mix  it  with  nitrate  of  aU- 
ver  and  then  add  dilute  sulphuric  acid  in  excess.  The  cyanide  of  silrer 
is  next  washed  a  little  by  decantatioa,  then — to  free  it  from  any  cyanide 
of  zinc  simultaneously  precipitated — heated  with  a  solution  of  nitiale 
of  silver,  finally  filtered  off,  washed,  and  determined  after  I,^  a,  Th» 
precipitated  sulphides  may  be  dissolved  in  aqua  regia,  and  the  mercuiy 
precipitated  as  subchloride  according  to  §  118,  2,  a.  The  teeitranaljBet 
communicated  by  Rose  yielded  excellent  results. 

d.  In  compaundi  decomposable  by  Oxide  of  Mercury  in  Uie  Wet  Wae^* 

Miuij  simple  cyanides,  and  also  double  cyanides — both  of  the  charao- 
ter  of  the  double  cyanide  of  nickel  and  potassium,  and  of  the  fern>  or 
ferricyanides  (not,  however,  cobalticyanides) — may,  as  is  well  known,  be 
completely  decomi^osed  by  boiling  with  excess  of  oxide  of  mercury  aiiJ 
water,  all  cyanogen  being  obtained  as  cyanide  of  mercury,  and  the  mettk 
passing  into  oxides. 

H.  Hose  (ioc,  cit.)  has  shown,  that  Prussian  blue,  ferro-  and  ferri* 
cyanide  of  potassium,  more  particularly,  may  be  readily  analyzed  in 
tliis  manner. 

Boil  a  few  minntea  with  water  and  eoecess  of  oxide  of  mercury  till  cota- 
plete  decomposition  is  effected,  add — in  order  to  render  the  sesquioxidu 
of  iron  and  oxide  of  mercury  removable  by  the  filter — nitric  acid  in 
small  portions,  till  the  alkaline  reaction  has  nearly  disappeared,  filter, 
wash  with  hot  water,  dry  the  precipitate,  ignite^ — very  gradually  raising 
the  boat — undejr  a  hood  (with  a  good  draught),  and  weigh  tbe  sesqui- 
oxide  of  iron  remaining,  In  the  filtrate  the  cyanogen  is  determioed 
aaoording  to  c,  and  any  }x»tassa  that  may  be  present  is  estimated  in  the 
fluid  filtered  from  the  cyanide  of  sUver. 

«.  J^ierminaiion  of  MetaU  ooniaimed  in  Cyanides  with  deGompoiitim 
amd  PoiaiUiaaiion  of  the  Cyanogen, 

Of  t)l0  ▼mrtous  means  for  completely  decomposing  compounds  of  cyan- 
ogen, especially  also  the  double  cyanides^  according  to  H«  Boss  {loe..  dt), 
three  particularly  are  worthy  of  recommendation^  vir.,  conoentnited 
sulphuric  ecid,  sulphate  of  mercury,  and  chloride  of  ammoniunL  The 
nitrates  aeemed  decidedly  leas  suitable  on  account  of  their  too  vioknl 
action. 

«•  DBcoKKmrrioir  bt  Sulphukic  Actn,    All  cyanogen  compoowH 
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pmple  or  double,  are  completely  decomposed  and  converted  into  sul- 
kluUes  or  oxides,  as  the  case  may  be,  if  treated  in  a  powdered  condition 
II  m,  platinum  dish  or  a  capacious  platimim  crucible  with  a  mixture  of 
kbout  3  parts  concentrated  sulphuric  acid  and  1  part  watar,  and  heated 
kill  almost  all  the  sulphuric  acid  has  been  expelled.  The  residual  mass 
B  then  free  from  cyanogen.  It  ia  dissolved  in  water,  if  necessary^  with 
iddition  of  hydrochloric  acid,  and  the  oxides  detennined  by  the  usual 
luetboiis. 

•  3.  Decomposition  by  Sulphate  of  Mkbcury.  Of  the  combinations 
Df  oxide  of  mercury  with  sulphuric  acid,  those  suitable  to  our  present 
are  the  neutral  and  the  basic  (Turpeth  mineral).  The  substance 
;ed  with  6  parts  of  the  latter,  heated  in  a  platinum  crucible  gradu- 
and  finally  maintained  for  a  long  time  at  a  red- heat,  till  all  the 
lereury  has  volatilized,  and  the  weight  of  the  crucible  remaina  constant, 
alkalies  are  present^  a  little  carbonate  of  ammonia  is  added  during 
le  tinal  ignition,  from  time  to  time,  in  onler  to  convert  the  bisulphates 
to  neutral  salts.  The  residue  may  usually  be  analyzed  by  simple  treats 
lent  with  water,  in  the  case  of  ferrocjranide  of  potassium,  for  instance, 
iQ  sidphate  of  potjissa  dissolves,  and  pure  (alkali-free)  sesquioxide  of 
m  remairts  behind.  The  test-analyses  that  have  been  communicaled 
Idetl  excellent  resuUs. 

7.  Becomposition  by  Citloribe  of  Ammdnrtm,     Mix  the  substance 
tb   twice  or  thrice  the  amount  of  this  salt  and  ignite  the  mixture 
lerately  in  a  stream  of  hydrogen  (aj>paratus,  p.  181,  fig,  47).     From 
cool€»d  mass  water  extracts  alkaline  metallic  chloride,  while  the 
ble  metals  remain  behind  in  the  metallic  state.     The  method  is 
arly  adapted  for  the  analysis  of  double  cyanide  of  nickel  and  po- 
ium  and  cobalticyanide  of  potassium,  not  so  for  iron  compounds, 
bnoe  the  iron  obtained  is  not  pure,  but  contains  carbon. 

Jf  one  of  the  methods  described  in  e  iw  employed,  the  nitrogen  and 
earbon  (the  cyanogen)  must  be  determined  by  combustion,  if  an  estimar 
Hon  by  the  loss  is  not  sufficient. 

f,  J}eierminati(m  of  the  AlkcUies,  especiaUy  of  Ammonia  in  Soluble 
{ftrrotyan  ides, 

ix   the  boiling  solution  with  a  solution  of  chloride   of  copper  in 
(nite  excess,  filter  oiT  the  precipitated  ferrocyanide  of  clipper,  free 
filtmte  from  copper  by  means  of  sulphuretted  hydrogen,  and  then 
irmine  the  alkalies  (Reindel*). 

,    J^olum^tric  Dftermiiiation  of  JFerro-  and  Fcrricyanogen, 
After  E.  db  Haen.     This  method,  devised  in  my  laboratory,  ia 
upon  the  simple  fact  that  a  solution  of  ferrocyanide  of  potassium 
bf^Idifii^I  with  sulphuric  acid  or  with  hydrochloric  acid  (and  which  may 
;ly  be  assumed  to  contain  free  hydroferrocyanic  acid),  is  by 
of  permanganate  of  ijotassa  converted  into  the  corresponding 
anide.     If  tlus  conversion  is  effected  in  a  vecy  dilute  fluid,  eon* 
about  0*2  grm.  ferrocyanide  of  potassium  in  from  200  to  300  c. 
c,  the  tidrmination  of  the  reaction  is  clearly  and  unmistakably  indicated 
i»y  the  change  of  the  originally  pure  yellow  color  of  the  fluid  to  i*eddiab- 
Jellow. 
The  proce^  requires  two  test  fluids  of  known  sti-engtb,  viz., 
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1.  A  Bolution  of  pure  ferrocyamde  of  potusslunu 

2.  A  aohition  of  permanganate  of  potassa. 

The  former  is  prepared  by  dissolving  20  grau  perfectly  pure  and  dty 
crystallized  ferrocyanide  of  potassium  in  water  to  1  litre;  eneh  o.  c; 
therefore  contains  20  mgrm.  The  IcUtcr  is  diluted  so  that  somewhat 
less  than  a  buretteful  is  required  for  ID  c.  c^  of  the  solution  of  ferro- 
cyanide  of  potassium. 

To  determiue  the  strength  of  the  permanganate  of  potassa  solution  in 
its  action  upon  ferrocyamde  of  potassium,  measure  off,  by  nusans  of  a 
small  pipette,  10  c,  c,  of  the  i^olution  of  ferrocyanide  of  potassiom  (con- 
tiiining  0-200  gnn.)  dilute  with  about  250  c.  c.  water,  acidify  with  hydro- 
chloric aciil,  place  the  glass  on  a  sheet  of  white  paper,  and  allow  the 
permangamite  to  drop  into  the  fluid,  stirring  it  at  the  same  time^  until 
the  change  from  yellow  to  reddlsk-yeMow  indicates  that  the  convemoa 
is  complete.*  llej*etitions  of  the  experiment  alvt^ys  give  very  aocu* 
rately  corresponding  results.  If  at  any  time  you  have  reason  to  suspect 
that  the  permanganate  has  suflTered  alteration,  recourse  must  be  hid 
again  to  this  expeiiment. 

To  determine  the  amount  of  real  ferrocyanide  of  potaRsium  contained 
in  any  given  sample  of  the  commercial  article,  dissolve  5  grm,  to  S50 
c.  c. ;  take  10  c.  c.  of  this  solution,  and  exanune  as  just  tlii-ected.  Sup- 
|K>se,  in  detennining  the  strength  of  the  permanganate,  you  have  wied 
20  0.  c,  and  you  find  now  that  19  c.  c.  is  sufficient)  the  simple  rule-of- 
three  sura, 

20  :  0-200::  19:  a? 

will  inform  you  how  much  pure  ferrocyanide  of  potassium  0*200  grro. 
of  the  analyzed  salt  contains.  And  even  thiB  small  calculation  may  be 
dispensed  with,  by  diluting  the  permanganate  so  that  exactly  50  c  c 
correspond  to  0*200  of  ferrocyanide  of  potassium,  as,  in  that  case^  Uic 
niiniher  of  half-c.  c.  consumed  expresses  directly  the  percentage  of  tlic 
feiTtDcytmitle  of  iwtassium  present  in  the  analyzed  sail 

Instead  of  determining  the  strength  of  tlie  permanganate  by  means 
of  pure  ferrocyanide  of  potassium,  which  is  unquestionably  the  be-st  way, 
one  of  the  methods  given  in  §  112,  2,  may  also  be  employed;  1* 
in  mind,  in  that  case,  that  2  eq,  ferrocyamde  of  potassitini  = 
(together  with  the  water  of  crystallization^,  2  eq*  ii*on  dissolved  to  4>r*>- 
toxide  =:  56,  and  1  eq.  oxalic  acid  :=  03  (together  witli  the  water  f\{ 
hydration  and  ciTstallization)  are  equivalent  in  their  action,  upon  solii* 
tion  of  permanganate  of  potassa. 

The  analysis  of  soluble  femcy  an  tries  by  this  method  is  effected  by 
reducing  them  to  fenocyaiiides,  acitlifying,  and  then  proceeding  in  the 
same  way  as  just  now  described.  The  reduction  is  effectiid  as  follows;^ 
Mix  the  weighed  fenicyanide  with  solution  of  soda  or  potassa  in  excew, 
boil,  and  add  concentrated  solution  of  sulphate  of  protoxide  of  iron 
gradually,  and  in  small  jiortions,  until  the  color  of  the  precipitate  appean 
bhick,  which  is  a  sign  that  protoaesquioxide  of  iron  has  precipitaM^ 
Dilute  now  to  30O  c.  c.^  mix,  filter,  and  proceed  to  determitiie  the  ferfCK 
cyanide  in  portions  of  50  or  100  c>  c.  of  the  fluid.  As  the  space  oceu- 
pied  by  the  preeipitate  is  not  taken  into  account  in  this  process^  thi 

•  If  you  wish  fit  first  for  some  additional  evidence  besides  the  change  of  oolw* 
add  to  a  drop  of  the  mixture  on  a  plate,  a  drop  of  solution  of  seaquitshlodile  <l£ 
iroa :   if  this  fail^  to  produce  a  blue  tint,  the  conversian  id  acoompIiahedL 
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n?6iilts  are  not  al>8oluiely  accurate.  The  differenoe  ia  bo  very  trifling, 
lioweverj  that  it  may  safely  be  disregarded. 

loaoluble  ferro  or  ferricyaDide8j  decomposable  by  boiling  aolution  of 
L  (as  are  most  of  these  compounds),  are  analyzed  by  boiling  a  weighed 
aple  sufficiently  long  with  an  excess  of  solution  of  potaasa  (adding,  in 
I  case  of  ferricyanides,  sulphate  of  protoxide  of  iron),  and  then  pro- 
ceeding in  the  same  way  a^  dii^ected  above. 

jS.     After  E.  Bohj.ig,* 

In  the  case  of  a  fluid  containing  ferrocyanide  of  potassium^  and  also 
sulphocyanide  (for  instance,  the  red  Equor  of  the  prussiate  works),  the 
method  given  in  a  cannot  be  employed,  as  the  hydrosiilphocyanic  acid 
alao  rtniuees  permanganio  acid.  The  following  method — depending  on 
the  precipitation  of  the  ferrocyanogen  with  solution  of  sulpli ate  of  copper 
— may  then  be  used;  it  is  accurate  enough  for  technical  purposes.     Dis- 

Ive  10  grm.  pure  sulphate  of  copper  to  1  litre,  also  i  gi*m.  pure  diy 
cyanide  of  potiissium  to  1  litre.  Add  to  50  c.  c,  of  the  latter  solutic*i 
(which  contain  0*2  grm.  ferro cyanitie  of  potassium)  copper  solution  from 
m  burette  to  complete  precipitation  of  tho  ferrocyanogen.  In  order  to  hit 
ihia  point  exactly,  &om  time  to  time  dip  a  strip  of  filter-paper  into  the 
browiiiah'Fed  fluid,  which  will  imbibe  the  clear  filfcmte,  leaving  the  preci- 
pttata  of  ferrocyanide  of  copper  behind.  At  first  the  moist  wtripa  of  paper, 
when  touched  with  se^squichloride  of  iron,  become  dark  blue,  the  reaction 
gradually  geta  weaker  and  weaker,  and  finally  vanishes  altogether.  We 
ncrw  know  the  value  of  the  copper  solutioo  with  reference  to  its  action  on 
ferrocyanide  of  potaaaium,  and  can,  therefore,  by  its  means  test  solutiona 
containing  unknown  amounts  of  ferrocyanogen.  If  alkaline  metallic  sul- 
phidaa  are  present,  they  are  first  removed  by  boiling  with  carbonate  of 
lead.  After  fiJtering  ofiT  the  sulphide  of  lead,  acidify  with  dilute  aulphu- 
lie  acid,  and  then  proceed. 

§U8. 

6.  Hydbosulphubic  Acib* 

L  Xhierminatian, 

Sulphuretted  hydrogen  in  the  free  state  is  most  readilv  and  very  accu- 
rately determined  by  volumetric  analysis,  by  means  of  iodiuti;  it  mayal&o 

►  determined  by  conversion  into  a  suitable  sulphide  or  into  sulphate  of 
and  weighing, 

ia.  The  method  of  determining  fi'ee  sulphuretted  hydrogen  by  volu- 

Dtric  analysis,  by  meam*  of  a  solution  of  iodine,  wa**  employed  first  by 
DuPASQUiER.  That  chemist  used  alcoholic  solution  of  iodine  for  the  pur- 
pose. But  a«  the  action  of  the  iodine  u|>on  the  alcohol  gradually 
Alteis  the  composition  of  this  solution,  it  is  better  to  use  a  solution  of 
iixline  in  iodide  of  potassium.     The  decomposition  is  as  fallows : 

1  eq.  1  =  127  corresponds,  therefore,  to  1  eq,  H  8==  17.  However,  this 
exact  decomposition  can  he  relied  upon  with  certainty  only  if  the  amount 
of  sulphuretted  hydrogen  in  the  fliiiil  to  be  analyzed  does  not  exceed  0*04 
per  oent.  (Bunsen).   Fluids  coDtalniiig  a  larger  proportion  of  sulphuretted 
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hydrogen  must  therefore  fir»t  be  dilated  to  the  required  degree  with  boiled 
watt^r  cooled  out  of  the  contact  of  air. 

The  iodine  solution  of  §  146  may  be  used  for  the  estimation  of 
quantities  of  8ul}.ihu  retted  hydrogen;  for  weak  solutions,  e,  5/,,  sulphurette 
mineral  water,  it  is  advisable  to  dilute  the  iodine  solution  of  §  }\ij  ta»i 
5  times  the  volume,  which  accordingly  will  give  a  fluid  containing  aliout  f 
0*001  gnn,  iodine  in  tlie  c,  c. 

The  process  is  conducted  as  follows  i — 

Measure  or  weigh  a  oertain  quantity  of  the  sulphuretted  water,  dilute, 
if  required,  in  the  manner  direct<?d,  add  some  thin  starch-paste,  and  thea 
solution  of  iodine,  with  constant  shaking  or  stirring,  until  the  pt^rmauent  3 
blue  cxjlor  begins  to  appear.      The  result  of  this  experiment  indicates  ap- 
proximately, but  not  witli  positive  aecui*acy,  the  relation  between  tlj*' 
examined  water  and  the  iodine  solution.    Suj>pose  you  have  consumed,  td  I 
220  c,  c,  of  the  8ulphun>tt<?d  water,  12  c,  c.  of  a  solution  of  iodine  coum 
taining  0*00OD  1 H  grm.  iodine  in  the  c.  c*    Introduce  now  into  a  flask  nearl^-j 
the  quantity  of  iodine  solution  refpiired,  add  the  sulphurett^^d  water 
quantity  either  aliTeady  determined,  oj-  to  be  detennined,  by  weight 
measure ;t  then  to  the  colorless  fluid  add  thin  starch-pafite,  and  aft«T  T 
iodine  solution  until  the  blue  color  just  begins  to  show.      By  this  cou 
of  proceeding,  you  avoid  the  loss  of  sulphuretted  hydrogen  which  would! 
otherwise  be  caused  by  evajwration  and  oxidation.     In  my  analysis  <  * 
the  Weil  bach  water,  25(1  e.  c.  of  the  water  requii-ed,  in  my  second  expert*" 
ment,  113*26  c.  c.  of  iodine  solution,  which,  calculattKl  to  the  quantity  of 
sidphuretted  water  used  in  the  first  experiment,  viz.,  220  c,  c,  makes  13*9 
c,  c,  or  1*9  c.  c,  more. 

But  even  now  the  experiment  cannot  yet  be  considered  quite  concln- 
sive,  when  made  with  a  solution  of  iodine  so  dilute ;  it  being  still  necesRuy 
to  ascertain  how  much  iodine  solution  is  i*equired  to  impart  the  same  blue 
tint  to  the  same  quantity  of  ordinaTy  water  mixed  with  starch-paste,  of  the 
same  tempemtun>,|  and  as  nearly  as  possible  in  the  same  condition  §  as 
the  analyzed  sulphuretted  water,  and  to  deduct  this  from  the  quantity  of 
iodine  solution  used  in  the  second  ejtperiment.  Thus,  in  the  case  men- 
tioned, I  had  to  deduct  0'6  c.  c.  from  the  16-26  c.  c.  used.  If  the  in- 
structions here  given  are  stiictly  followed,  this  method  gLTCB  very  acxnirate 
results  (see  Expt,  No.  91), 

ft.  Mix  the  sulphuretted  fluid  ^with  an  excess  of  solution  of  arsenite  of 
soda,  ftdd  hydrochloric  acid,  allow  to  deposit,  and  determine  tiie  sul- 
phide of  arsenic  as  dii^cted  §  1 27.  If  the  quantity  of  sulphuretted  hydros 
gen  in  the  aualyxed  fluid  is  moderately  large,  the  results  obtained  by  this 
method  are  accurate  (comimre  Expt.  No.  91);  but  in  the  case  of  very 
dilute  solutions  the  results  are  U^o  low,  as  a  little  tersulphide  of  arfenic 
remains  in  solution.  Hence,  in  my  analysis  of  the  Weilbach  water,  this 
method  gave  only  0*006621  and  iKKKitiOl  per  1000,  whikt  water  taken 
from  the  well  at  the  same  time,  and  determined  with  iotline,gave  OilO7025 
of  H  S  per  1000.    Instead  of  arsenious  acid,  solution  of  chloride  of  copper 

*  Th«  numbeTs  here  stated  are  those  which  I  obtained  in  the  anaJTma  of  tbt 
WeUbMsh  water 

t  Compare  Experinient  Na  9L 

I  Asmal.  d.  Ghem.  a  Pharm.,  1(I8«  180. 

%  I  would  teoommend,  in  cases  where  the  mtlfihiiretted  water  ooniaiiw  hios^ 
hMal^af  soda,  to  add  to  the  ordinaij water  an  equal  quantity  of  thU  salt,  aa itb 
fcwBMM  baa  a  aUght  inflaenoe  on  the  appeuanoe  of  the  fioAl  reaictioiv 


I  148.]  HTDROSULPHURIC  ACID, 

or  a  solution  of  fiilver  may  be  employed  as  precipitant,  and  tlie  siilpliur 
det4>rTiiiDed  in  the  sulphide  of  cojiper  as  sulphate  of  Uarytii  (see  11,),  or 
in  the  sulphide  of  silver  aa  chloride  of  silver.  The  results  obtained  hy 
precipitating  with  chloride  of  copper  are  also  too  low^  in  the  case  of  verj 
dilute  lluids. 

For  the  annlysifl  of  mineral  waters,  tlie  method  a  will  always  answer 
best,  unless  presence  of  hypoaulphit^^s  shonlil  iiupair  its  accuracy. 

e.  If  theBulphun^tted  hydrogen  is  evolved  in  the  gaseous  stat-e,  and  large 
quantities  are  to  be  tlet^rniined,  tlie  best  way  is  to  conduct  it  tii-st  tlirough 
several  bulbf*d  U-tul>es  (tig.  50,  p.  LIOS)^  containing  lui  alkaline  Holution 
of  ai-senite  of  soda,  then  through  a  tube  connected  with  the  exit  of  the  last 
U-tube,  which  oontains  pieces  of  gloKS  moistened  with  Hohition  of  soda ;  to 
mix  the  fluids  afterwards,  and  proceed  as  in  h  or  c.  If,  on  the  other  hand, 
we  have  to  determine  small  <"|uantities  of  sulphuretted  hydrogen  contained  in 
a  large  amount  of  air,  ike,  it  is  well  to  pass  the  gaseous  mixture  in  t[Uestion 
in  sejiai-at*^  small  bubbles  through  a  very  <iilute  solutioti  of  iodine  in  iodide 
of  potassiuHi,  of  known  volume  and  strength,  which  is  contained  iu  a  long 
glass  tube  fixed  in  an  inclined  position  and  protected  against  sunlight. 
Tlie  free  iodine  remaimng  is  finally  estimated  by  means  of  a  solution  of 
hyposulphite  of  soda  (g  14(>) ;  the  dilTerence  gives  us  the  quantity  of  iodine 
which  has  been  convert-ed  by  sulphuretted  hydrogen  into  hydriodic  acid^ 
and  couBetjuently  correspond!!  to  the  amount  of  the  sulphuretti?d  hydrogen 
|>r©aent.  The  volume  of  the  gasoous  mLxture  may  be  known  by  measuring 
the  water  which  has  escaped  from  the  ajspirator  used,  Tht3  arrangement 
of  the  absorption  tube  is  the  same  as  is  figured  in  connection  with  the  de- 
termination of  carbonic  acid  in  the  air  (s^  241,  at  the  end).  The  thin 
glAJ»  tube  conducting  the  gaa  into  the  absorption  tube,  however,  must 
not  b«  provided  with  an  india-nibber  elongation. 
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IL  SepanUian  and  Determination^  of  Stdphtir  in  Sulphides^ 

As   MSTHOnS  BASED  0?f  THE  CONVERSION  OF  THJB   StfLPHtJK  INTO 

Sulphuric  Alid^ 


1.  Methods  in  the  Dry  Tfby. 

a*  Oxidation  hy  Alkfdine  A7/r«/e.'j  (applicable  to  all  componmls  of  sul- 
phur). If  the  sulphides  do  not  lose  any  sui[iliur  on  heating,  mix  the  ptd  ver- 
ixed  and  weighed  substance  with  '1  paiis  of  auhy  tlroiis  carbonate  of  soda  ami 
4  of  nitrate  of  potaasa,  with  the  aid  of  a  rounded  glass  rotl,  wipe  the  itarticles 
of  the  mixture  which  adhere  ttJ  the  r<:Kl  caiefully  otf  against  some  c^irbonate 
of  soda,  and  add  this  to  the  mixture.  Heat  in  a  idatiinuii  or  porcehiin 
crucible  (which,  however,  is  somewhat  affected  by  the  process),  at  a 
gradually  incre^ed  teinjierature  to  fusion ;  keep  the  niiiss  in  that  state  for 
gome  time,  then  allow  it  U\  cool,  heat  the  residue  with  water,  filter,  aiul 
determine  in  the  tiltrate,  wldeh  coutiuns  the  whole  of  the  sulphur  as  alka- 
line sulphate,  the  sulphuric  acid  ai^  directed  in  §  132.  The  metal,  metallic 
oxide,  or  carbonate,  which  remains  undissolved,  is  determined,  accoi'ding 
to  circiunstancea,  either  by  dir.^ct  weighing  or  in  some  other  suitable  way* 
In  the  presence  of  lea<l,  before  liltering,  pass  carbonic  acid  through  the 
HoIution  of  the  fused  ina^^  to  precipitate  the  small  quantity  of  that  metal 
which  has  passed  into  the  alkaline  solution. 

Sh*ndd  the  sulphides,  on  the  contrary,  lose  sulphur  on  heating,  tlie  finely 
impound  is  i]^^^^th  4  parts  caibonate  of  Hoda^  8  parta 


A  IB  the  evolution  flasdc^*  Ji  contains  concentrated  sulphuric  aeiil|  C 
chloride  of  calcium,  2>  the  substance,  J*J  in  the  receiver  contaJTiing  i 
(or — in  the  presence  of  antimony — a  solution  of  tartaric  acid  in  dilute 
hydrochloric  acid),  /^ia  a  XT-tube  also  containing  water,  G  conducts  tlje 
escaping  chlorine  into  a  carboy  filled  with  moist  hydrate  of  lime. 

When  tbe  apj»aratu8  ia  arranged,  the  sulphide  to  l>e  examined  is  weighed 
in  a  narrow  glass  tube  sealed  at   one   end^  and  subsequentty  cautiously 
transferred  from  this  tube  to  the  bulb,  in  the  maimer  illustrated  br 
fig.  61,  so  as  to  prevent  any  portion  of  tba 
substance  getting  into  the  ends  of  tho  balb^ 
tube. 

[In  most  caaea  it  is  more  convenient  to  |mt 
tlie  weighed  substance  into  a  porcelain  tray 
(tig.  24 )» which  ia  slipped  into  a  plain  piece  of 
Bohemian  corobostion-tube  bent  like  D  O.  A  t 
the  dose  of  the  prooeaa  the  tray  may  be  with- 
drawn and  its  contents  weighed  or  otherwiM 
treated.] 

When  the  ap|)aratus  is  filled  with  chlorine,  D  is  connected  with  C, 
and  the  chlorine  is  allowed  to  act  on  the  sulphide,  at  first  without  the 


Fig.  61. 


*  Pwiraf«4»f4B%MliBii3ctax«of45partaofs^ 
mof  t8|)artBof  lAlofideof  sodiamand  15  of  Jtjidjy  jmiwfi'rwf  hmtadde  of  Biam»- 
^  a,  KUd  shi%ke.  whoa  a  steady  evolutioQ  of  chlorine  wiU  al  onoa  begin,  whkh, 
~~L  it  shaws  signs  of  dadkanut^.  may  be  promoted  by  a  gef^  heat 
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aid  of  heat.  Wlien  no  further  altpratioti  is  observed — the  recfiver  M 
beijig  full  of  chlorine — a  very  gentle  heat  is  applied  t<o  the  bulb,  care 
b*?iiig  taken  also  to  keep  the  tube  O  warm,  securing  it  thus  from  being 
Stopped  up  by  the  sublimate  of  a  volatile  chloride*  lliU  sulphide  is  eoiu- 
j>l**tely  decomposed  by  the  chlorine,  the  nietaU  being  con\  ertt^d  into  chlu- 
rides,  whieh  partly  remain  in  tlie  hulh,  |>;iri  ly — {viz,  the  volatile  oneK,  an 
chloride  of  antimony,  chloride  of  arsouie,  chloride  of  luercuiy)— pass  over 
into  the  receiver  ;  the  sulphur  combines  ^sith  the  chlorine  to  chloride  of 
sulfdiur,  which  passes  over  into  E^  where,  coming  in  contact  with  water, 
it  decomposes  ^ith  the  latter,  forming  hydrochloric  acid  and  hypo- 
ftulphurous  acid,  with  separation  of  sulphur.  The  hypoaulphurous  acid 
mpose^  again  iut^^j  sulphur  and  sulphurous  acid,  which  lattfir  isat  last, 

the  action  of  the  chlorine  water  in  7i',  converted  into  suljdiiinc  licid. 
The  final  result  of  the  decomposition  in  eoiiseqxiently  sulphuric  acid  and  a 
or  less  lunouut  of  »epai*ated  sulphur.     The  operation  is  eiuichnhd 

leii  no  more  produeti* — with  the  excoptum,  perhaps,  of  sesqui chloride 

iron,  the  complete  expulsion  of  which  need  not  be  awaited — y«yi«uvi?r 
from  the^bulb.  Heat  is  then  applied  to  the  bull>tube,  pniceediiig  fmui 
ih*i  bulb  towards  the  bend,  ao  as  to  force  all  the  chloride  of  sulithur 
and  tlie  volatile  metallic  chlorides  to  pass*  over  into  J5/,  or  at  least  to  oc- 
cupy the  end  of  the  bull>tube. 

The  apparatus  is  left  undisturbed  a  short  time  longer,  after  which  the 

tube  is  cut  otf  under  the  bend  at  O,  and  the  separate  end,  which  generally 

eoc&tiuns  a  portion  of  the  volatile  chlorides,  closed  by  inverting  over  it  a 

tube  sealed  at  one  end  and  moistened  inside.     [In  case  a  [jorcelaiu 

kj  has  been  used,  this  is  withdniwn  and  the  entire  tube  is  subjected  to 
tlie  following  treatnieDt.]  The  tube  is  now  allowed  to  st^ind  24  hours,  to 
allow  the  volatile  chlorides  to  absorb  moisture,  which  will  I'ender  them  solu- 
bl<^in  water  without  generating  he^t.  The  meitallic  chlorides  iu  the  cut-^jfT 
eud  of  the  tube  (or  tray)  are  then  dissolved  in  diliit*?  hyiirochioric  acid, 
the  end  (or  tray)  is  rinsed,  and  the  solution  added  to  the  contents  of  the 
tubes  £  and  F^  *  a  very  gentle  heat  is  now^  applied  auitil  the  fi*ee  chlorine 
ifl  expelled,  and  the  fluid  is  then  alloweil  to  stand  until  thesiilphur  hfis 
soUditied.  Tlie  sulphur  is  filtered  off  on  a  weighed  filter,  washed,  dried, 
luid  weighed.  The  filtrate  is  precipitaied  with  chloride  of  barium  (g  1H2), 
by  which  opei-ation  the  amount  ol'that  portion  of  the  suli>hur  is  determin- 
ed wliich  has  been  converted  into  sulphuric  acid.  I'he  tluid  filtered  from 
the  sulphate  of  baryta  contwins,  besides  the  excess  of  chloritle  of  barium 
ft/rldrni,  also  the  volatile  metallic  chloi'ides;  which  latter  are  tinally  deter- 
mined  in  it  by  the  proper  outhods,  which  will  be  found  in  Section  V, 

The  chloride  reuuiining  in  the  bulb-tube  is  either  at  once  weighed  as 
8uch  (chloride  of  silver,  chloride  of  lead),  or  where  this  Lsinn>ractie!ibh> — 
as  in  the  ease  of  copper,  for  instrincf»,  which  remiuns  partly  as  subchloride, 
partly  as  chloride — it  is  dissolved  in  w^ater,  hydrochloric  acid,  nitrohydin> 
chloric  acid,  or  some  other  suitable  solvent,  and  tlie  nxe tal  or  uk  tals  in  the 
lion  are  detenmned  by  the  methods  already  described,  or  wliicb  will 

found  ill  Section  V.     To  be  enabled  to  ascertain  the  weight  of  iha_ 
biilVtulH*  cont4iiiung  the  chloride  of  silver  or  chloride  of  lead,  it  is  advia 
ble  to  rcniuce  the  chlorides  by  hydrogen  gas,  and  then  diiisolve  the  m©t 
in  nitric  acid. 

C    Oxidation  hj  Oxide  of  Mermry  {aft'^  BunsEN). 

TbiB  method,  which  will  be  found  in  detail  under  "  the  determinatij^ 
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of  sulphur  in  argjuiic  bodies"  (g  1^6,  a,  4),  is  pftrticukrlj  suited  to  tK© 
efttiDiation  of  sulphur  in  volatile  compounds,  or  ia  subsUnoes  which 

when  bejttod  lo«e  sulphur. 

2.  Mei/tftda  in  tJu!  Wrl  Wa^, 

3,  OjJi^Iution  ofthti  tSulphtir  by  Acids  yielding  Oxyg^n.^ 

a.  Weigh  the  finely  pwlverizt^d  sulphide  in  a  araall  glass  tube  sealed 
At  one  end,  and  drtip'  the  tube  into  a  tolei-ably  capaciou8  Htrong  bottle 
with  jirlaHH  »itopjK!r,  which  contains  red  fuming  nitric  a^nd  (perlecily  free 
from  Hulphuric  acid)  in  more  than  sufficient  quantity  to  eff<Bct  thedecoro- 
^  pcihilion  of  the  8ulj>hide,     Immediately  iifter  having  dropi^ed  in  the  tube, 
close  the  bottle.      Wl^en  the  action,  which  is  veiy  impetuous  at  iirbl^hns 
84)mewlmt  abated,  shake  the  bottle  a  little;  as  soon  as  tlm  operation 
I  censes  to  cause  renewed  reaction,  and  the  fumes  in  the  flask  have  con- 
densed, Uike  out  the  stopper,  rinije  this  with  a  little  nitric  acid,  lettiiig 
tlie  rinsings  run  into  the  l>ottle,  and  then  heat  the  latter  gently. 

aa.  77wf  wlwl4!  oft!u5  Sulphwr  Ao*  been  oxidized^  Uis  Fluid  imperfectly 

Dilute  witli  much  water,  and  determine  the  sulphuric  acid  formed  u 
dir^ctvd  in  g  132.  IK»  nut  neglect  to  wash  the  precipitate  thoroughly 
with  hot  water,  and  to  ascertain,  after  weighing,  whether  it  is  absolute- 
ly inHoluhk*  in  dilute  hydrochloric  acid,  Separate  the  bases  in  the  lil- 
tmte  from  the  exc<*8s  of  the  salt  of  bai^yta  by  the  proper  methods,  which 
will  Ije  fovnid  in  Section  V,  If  any  considerable  amount  of  nitric  acid 
has  been  used,  evaporate  the  excess  of  the  same  after  addition  of  aouA 
iiitrat4^  of  jH3ta.ssa,  before  precipitating  the  sulphuric  acid. 

Ww    UndUsitlttul  SvJphur  Jfoats  m  the  fluid. 

Add  chltmite  of  |K>tassa  in  small  portionay  ojt  strong  hydrochloric 
aoid^  luid  digi^st  some  time  on  a  water  bath.  This  process  will  often  sue- 
ce<»d  in  distuilving  tht^  whole  of  the  sulphur.  Should  this  not  be  the 
Ciiae,  liud  the  umlisHolvtHl  sulphur  appear  of  a  pure  yellow  color,  <Uluto 
wilh  Wtttt»r,  collect  on  a  weighed  filter,  wash  carefully,  dry,  and  weigh. 
After  weighing,  ignite  the  whole,  or  a  portion  of  it,  to  ascertain  whether 
it  is  perfectly  puit*.  If  a  dxed  residue  remains  (consisting  commonly 
of  qu4urt^  gtiugue,  Ac,  but  posiiibly  also  of  sulphate  of  lead,  sulpihaie  of 
Iwiryta^  »i^'c.),  deduct  ita  welglit  fixim  that  of  the  impure  suljihur.  In  the 
filtered  tluid  determine  the  sulphuric  acid  as  in  a<i,  calculate  the  sulphur 
m  it,  luid  Aihl  tlio  amount  to  that  of  the  undisstdved  sulphur.  If  the 
iv^idue  lH\  u|Hin  the  ignition  of  the  undissolved  sidphur  contains  an  ilir 
soluble  sidpluite^  dooom[x>se  this  as  directed  in  ^  132,  and  add  the  waH^ 
phur  found  in  it  to  the  princi^ial  amount. 

In  the  pn'tsenc^*  of  bismuth,  the  addition  of  chlorate  of  potaasa  or  of 
hydr^K^hltu'ic  acid  is  not  advi^sble,  as  chkriike  inierleres  with  tha  4«kBH; 
mination  of  bismuth* 

J.  Mix  the  finely  piUveri»d  laetellic  sulphide,  in  a  dry  fla^ik,  by  shak- 
u^:,  ^ith  i^^wdered  chlormte  oCpotaasa  (free from  sidphuiicaiid),  and  add 

*  Dft  MMBoa  of  iMd,  h^trta^  dKHdia,  lime,  tin,  and  anttmonj,  method  b  is 

4  tyaoBiif  «i«Mbt«U«M»eKl3riBafcMMe«r  motalsfonDiqff  ipMlmlRla 
«m  wHk  Mll^kwio  aciO.  II  anck  tfilak  an  pnm»k.  ptooeed  m  in  66,  ««  it  it 
wIM  «aia  \tm  mk^t  Io  i«4e«  wlbMh«ir  ennpltia  nTirtahon  of  the  snlphuz  hsf 
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modern tely  concentrated  hydrocLloric  acid  in  small  portlouB.  Cover  tlie 
ftiak  with  a  watch-glass,  or  with  an  inverted  small  fiask.  Wlxen  the 
wUi>le  of  the  chlorate  of  pota^sa  is  decom prosed,  heat  gently,  finally  on  the 
vater-bath,  until  the  fiuid  smells  no  longer  of  chlorine.  Proceed  now  as 
direct-ed  in  ct,  eia,  or  bb  according  to  whether  the  sulphur  is  completely 
dii««jlve«i  or  not.  In  the  latter  case  you  must  of  coui-se  immediat<^fly  di- 
\ikie  and  filter.  The  oxidation  of  the  siilphur  may  be  effected  also  by  heat- 
ing with  ordinary  nitric  acid  and  chlonit-e  of  potassti. 

y.  StroDg  nitrohydrochloric  acid  ia  also  ofU*n  used  instead  of  the  oxi- 
disng  agents  named  in  a  and  3 ;  however,  with  this  the  complete  con- 
vemon  of  the  sulphur  iiito  sulphuric  acid  succeeils  more  rarely. 

b.  Oxuhitum  of  thf  Sulphur  hy  Chlorine  in  Alkfdine  Solution  {nfter 
RivoT,  Beud.vnt,  artd  Daouix.  Suitable  also  for  deteraiiixiug  the  sid- 
pliur  in  the  crude  article*). 

Heat  the  very  finely  pulverized  sulphide  or  crude  sulphur,  for  several 
hours  with  solution  of  potassa,  free  from  8iil[»huric  acid  (whit^h  dissolve* 
free  sidphur,  aa  well  a^  the  stilplddes  of  arsenic  and  antimony),  and  then 
conduct  chlorine  into  the  fluid.  This  ajjeedily  oxidizes  tlie  sulphur ;  the 
itilphnric  acid  formed  combiJies  with  the  potassa  to  sulphate,  which  dis- 
Bolvcs  in  the  fluids  whilst  the  metrxls  converted  into  oxides  remain  undis- 
Byh'ed*  Filter,  acidify  the  alkaline  filtrate^  and  precipitate  the  sulphuric 
acid  from  it  by  chloride  of  barium  (g  132).  Arsenic  and  antimony  pass 
into  the  alkaline  solution  in  the  form  of  acids,  but  not  so  lead,  wliich  is 
foaverted  into  binoxide,  and  renuiins  completely  undissolved,  Tliis 
method  is,  therefore,  paHicularly  suitable  in  presence  of  stdjiliide  of 
lead.  In  presence  of  sulphide  of  iron,  sulphate  of  ])Otas8a  is  formed  at 
first,  and  hydnite  of  m?sr|uioxide  of  iron,  which,  if  the  action  of  the 
chlorine  is  allowed  to  continue,  T^ill  he  converted  into  ferrate  of  potassa. 
Afl  soon,  therefore,  as  the  fluid  commenc€»3  to  acqimxi  a  red  tint,  the 
tnmsmiaaion  of  chlorine  must  be  discontinuedj  and  the  tiuid  gently 
lieated  for  a  few  moments  with  powdered  quartz,  to  decompose  the  ferric 
icid. 

It  occasionally  happens,  more  particularly  in  preatmce  of  sand,  iron 
pyrit^,  oxide  of  copf>er,  <tc»,  that  t!io  pro<^es8  is  att^iiidnd  with  impetu- 
ous disengage meut  of  oxygen,  which  almost  coDip!ct4>Iy  prevents  the 
oxidizing  action  of  the  chlonne.  However,  this  accident  may  be  guarded 
igttinst  by  reducing  the  substances  to  be  analyzed  to  the  veiy  finest  pow- 
der. 

B,    Methods   Basted   ox   the   Co!€ter,sion   of   toe  Sulphur  into 

SULPHITRETTEB    HydROOEK   OR  A  StETALIJO    SULPIIIDE, 

a.  The  determination  of  the  sulphur  in  the  sulphides  of  the  metals  of 
tlie  alkalies  and  alkiiline  earths  soluble  in  water  is  be«t  eflect>ed^ — pro- 
vided they  are  free  firom  excess  of  sulphur — by  I,,  h  or  c,  Tlie  bases  are 
conveniently  estimated  in  a  separate  portion,  which  is  decora]>osed  by 
ev^ioration  with  hydrochloric  or  sulphunc  acid,  or — when  none  but 
alkali-metals  are  present — by  ignition  with  5  parts  of  cliloride  of  ammo- 
nium in  a  porcelain  crucible.  If  the  sai<l  coiufiounds  contain  excess 
"  sulphur  they  should  be  03ddize<l  either  by  chlorine  in  alkaline  solu- 
ktioiv,ur  treated  according  to  J5,  c,  or  O ;  if  they  contain  hyposnlphite  or 
wlphite,  proceed  according  to  §  168. 
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5.  Tlia  sulpliiir  ecntamed  in  cdkidme  fluids  aa  inoiiostilphlcie  or  1)  jdro-  J 
imlplmta  of  the  sulpkide  may  also  be  determined  directly  by  volxunetric  | 
analyaiE,  by  means  of  &  Bt&ndard  ammoniacal  zinc  or  silver  solution.  The  ! 
former  is  added  to  the  solntion  of  the  aulphide  of  the  alkali-metal  until  a 
drop  ooming  in  contact  with  a  drop  of  alkaline  solution  of  lead  *  on  fil- 
ter paper,  no  longer  produces  a  black  line  (Fb.  MoHKf ).      Or  the  latter 
reagent   m   a^ldtsl    to  the  fluid — previously  mixed  with  ammonia  and 
warmed — till  a  further  addition  of  silver  solution  to  a  filtered  portion 
only  gives  a  trifiirig  turbidity  (Lestelle).     The  methods  are  esprciallj 
adapted  to  technical  purposes,  e.  g,^  for  the  eistimatloQ  of  the  Biil|Akidt$  u£ 
sodimn  in  soda-lyes,  ^c, 

THIRD   6H017P. 


NITBIC  ACID, — CHLORIC  ACID, 


§149. 
1.  Nitric  Acid. 


I.  Determination, 


Free  nitric  acid  in  a  solution  containing  no  other  acid  is  determined 
most  simply  in  the  volumetric  way,  by  neutralizing  with  a  dilute  solu- 
tion of  soda  of  known  strength  (camp.  Special  Part,  **  Acidimetry  **). 
The  foUowing  method  also  effects  the  same  purjiose:  Mix  the  solution 
with  baryta  water,  until  the  reaction  is  just  alkaline,  evaporate  slowly  in 
the  air,  nearly  to  dryness,  dilute  the  residue  with  water,  filter  the  sola-  : 
tion  which  has  ceased  to  be  alkaline,  wash  the  carljonate  of  baryta  formed 
by  the  action  of  the  carbonic  acid  of  the  atmosphere  upon  the  ejccess  of 
the  baryta  water,  add  the  washings  to  the  filtrate,  and  deterndne  in  ths 
fluid  the  baryta  as  directed  in  §  10  L  Calculate  for  each  1  eq.  baryta  I 
eq.  nitric  acid.  Lastly,  free  nitric  a<jid  may  also  be  determined  in  a  silllr 
pie  maimer  by  supei-saturating  with  ammonia,  evaporating  in  a  weighed 
platiuum  diKh,  drying  the  residue  at  110°  to  120**,  and  wei|^ung  the 
NH^  Oj  K  O5  (Sc'HAFFgotsch). 

II.  Separation  of  niiric  add  from  the  ha$es^  and  defermiti 
the  acid  in  nitreUes. 

The  determination  of  nitric  acid  in  nitnites  is  an  important  and  occa»' 
Bionally  a  dillieidt  pixjhlem,  which  has  of  late  years  much  occupie<i  the  ' 
attention  of  eht^mista.  Before  entering  upon  the  eon&ideration  of  the  i 
question,  I  would  lay  it  down  as  a  general  rule,  that  whatever  method ' 
may  be  selected,  it  should  always  first  be  tried  rejmatedly  upon  weighed 
quantities  of  a  pure  nitrate,  that  some  familiarity  with  tlie  details  of 
these  rather  complicat^^d  processes  may  be  acquired.  Considering  the  1 
great  number  of  methods  that  have  been  proposed,  I  shall  confine  myself  ] 
to  deaoribing  the  simplest  and  the  best. 

a  Meihodt  hoMd  cm  £^  expuhum  of  iJie  Add  in  ihe  l>ry  Way. 

a.  In  salts  of  the  heavy  metals  or  the  earths,  the  determinatioxi  of 

zutrio  acid  may  be  efiect^  by  simple  ignition  of  the  anhydrous  compound. 

•  Made  by  mixing  sugar  of  load,  Rochelle  salt,  and  solntion  of  soda, 
t  Lehrbucli  der  TitrirmetJiode,  2^  Aufi,  379. 
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If  WB  are  certain  that  the  oxides  remain  in  the  same  condition  in  which 
they  wiere  contained  in  the  decomposed  salt,  the  loss  of  weight  indicates 
at  once  tlie  quantity  of  nitric  acid  present. 

$.  In  the  case  of  nitrates,  whose  residue  on  igiution  has  no  constant 
composition,  or  by  whose  ignition  the  crucible  is  much  attacked  (alkaline 
IJuiliae  earthy  nitrates),  fuse  the  substance  (wbich  must  be  anhy- 
■nd  also  free  from  organic  and  other  volatile  bodies)  with  a  non-vula- 
lile  flax^and  estimate  the  nitric  acid  from  the  loss,  Silicic  acid  is  the  best 
flux,  as  it  may  be  readily  procured,  and  the  execution  is  the  most  easy 
and  the  most  certain  to  succeed.  I  shall  describe  the  method  in  its 
application  to  nitrate  of  potassa  or  soila. 

Fuse  the  latter  at  a  low  temperature,  pour  out  on  to  a  warm  porcelain 
dish,  powder  and  dry  again  before  weighing.  Now  transfer  to  a  plati- 
num crucible  2  to  3  gnn,  powdei^d  quarts,  ignite  well  and  weigh  after 
cooling.  Add  about  0'5  grm.  of  the  salt  prepared  as  above,  mix  well, 
and  convince  yourself  by  the  balance  that  nothing  lias  been  lost  iiuiing 
mixing.  The  covered  crucible  is  then  exposed  to  a  low  red  heat  (just 
TiBihle  by  day)  for  half  an  hour,  and  weighed  after  cooling  with  the 
cover,  Tlae  loss  of  weight  reprt^sents  the  quantity  of  nitric  acid.  Sul- 
phates or  chlorides  are  not  decomposed  at  the  given  temj>erature ;  if  a 
higher  heat  be  applied,  the  latter  may  volatilize.  The  action  of  reducing 
gases  must  be  avoided.  The  test-analyses,  communicated  by  Reich,*  as  well 
■«  tliose  performed  in  my  own  laboratory,!  gave  very  satisfactory  results. 

hm  Jifeihod  hosed  on  tJie  distillation  of  the  Hydrate  of  N^itric  Acid. 

All  nitrates  may  be  decomposed  by  distillation  with  moderat^?ly  dilnte 
mlpHurio  acid.  'The  nitric  acid  passing  into  the  receiver  may  then  be  de- 
termined, according  to  I,,  volumetiically  or  gravimetrieally,  1  to  2  gnu. 
the  nitrate  should  be  treated  with  a  cooled  mixture  of  1  volume  cou- 
tmted  sulphuric  acid  and  2  volumes  water.     For  1  grm.  nitj-e  take  5 

c.  Bulyjburic  acid  and  10  c.  c.  water.  Tlie  distillation  maybe  perfoi-med 
oitiier  with  a  tlierraometer  at  KiC^  to  170'^  in  a  pai*affin  or  sand-bath 
u  of  the  distillation  for  1  to  2  gnu.  nitre,  H  to  1  hours),  or  in 
with  the  use  of  a  water-liath.  The  lattt*r  process  is  the  beat.  la 
tlte  former,  the  neek  of  the  tubulated  retort  (which  is  drawn  out  and 
beut  down)  is  connect-tHJ  with  a  bulbed  U-tubeJ  cuutaindng  a  measured 
quantity  of  normal  soila  or  potassa  solution  {§  ),  The  distillaiion  in 
V€t4r%M>  may  bo  conducted,  without  the  use  of  an  air  pump,  according  to 
FlSK^NKi*,!  as  follows;  trantifer  the  meji-aiirrd  quantity  of  water  ami 
concentrated  sulphuric  acid  to  the  tubulated  retort,  and  tbe  necessary 
quantity  of  standard  putjissa  or  soda  solviiion  dihited  to  30  c.  c,  to  a  flaak 
witli  a  narrow  neck  of  about  200  c.  c.  capacity*  Then,  by  means  of  an  india- 
roUber  tube,  connect  the  ftask  with  the  retort  air-tight,  so  that  the  drawn- 
out  point  of  the  latter  may  extend  to  the  body  of  the  flnak,  and — with 
tubulure  open — heat  the  contents  of  the  retort  and  of  the  tlaj^k  to  boiling. 
When  the  air  has  been  expelletlfrom  the  apparatus  by  long  VM>iling,  tiuns- 
"^  the  salt  (weighed  in  a  small  tul>e}  to  the  retort  throngh  tbe  tubulure, 
<^M6  the  latter  immediat4:4y,  and  at  the  same  time  take  away  the  lamp. 
The  retort  is  then  heated  with  a  water-bath,  the  flaak  being  kept  cool. 

*  Berg-  nnd  Httttenmaniiiflche  Zoitsahrifbi  1661,  No.  21 ;  Zeitsohiift  t  amdyt. 

f  Zeituchrift  f  analyt.  Chem.  t.  181. 
The  bulbed  U-tu tie  will  b©  found  figured  g  185. 
Zeiteobiift  L  aaalyt.  Ghem.  1^  309.  ^^^^^^^^^^H 
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Tbe  fjuantity  of  nitnc  acid  that  has  passed  over  is  finally  ascertaijied  hf 
determining  tbe  still  free  alkali  with  stundard  add«  If  it  is  su&pt'ct*^ 
that  aU  the  nitric  acid  haa  not  been  driven  into  the  receiver  bj  on« 
latioit,  you  may — by  heating  the  flask  and  c<*oUn^  the  retort— diM 
water  back  into  the  latter,  and  then  tbe  distillation  from  tbe  ret*»n  i  m 
be  repeated.  Tbe  distillate  thus  obtained  ia  always  free  from  8u1|>liUik^ 
acid,  hence  the  results  are  very  exact.  Tbe  base  remains  as  suljihate  to 
the  retort.  In  the  presence  of  chloride  add  to  the  contents  of  the  retort 
a  sufficiency  of  diHsolve^l  sulphtite  of  wilver,  or — when  much  chloride  ii 
pre«ent — moist  oxide  of  silver.  The  nitric  acid  b  then  obtidned  en) 
free  from  cblorine, 

c.  Methods  based  an  the  decomposition  of  N^itraUs  by  Alkalies^  <l*c. 

a.  Nitrates,  whose  bases  are  completely  separated  by  caustic  or  ess* 


tirej||J 


bonated  aLkaHes — provided  basic  salts  are  not  precijiitated  at  the 
time — may  be  analyzed  by  simple  boiling  with  an  exc<^s  of  standsH 
potassa  or  soda  or  tJieir  carbonates.  After  cooling^  dilute  to  j^  or  4  btre, 
mix,  allow  to  settle,  draw  off  a  portion  of  the  supernatant  clw'fliii ' 
termine  the  free  alkali  remaining  in  it, and  calculate  therefrom  ttie  a; 
consumed  by  tbe  nitric  acid.  Hayes  obtained  with  the  nitrates  of  a^ivir 
and  bLsmuth  good  results;  but  with  sub  nitrate  of  mercury  (using  carboO' 
ate  of  soda)  the  results  were  not  so  sati»fa€tory,* 

0.  In  nitrates,  whose  bases  are  preci|>itated  by  hydrate  of  baryta  or 
lime,  or  by  their  cartKmatea  (or  by  sulpliide  of  l^um),  tbe  nitric  add 
may  be  estimated  with  great  accuracy  by  filtering,  after  precipitation  bai 
been  efl'ected,  warm  or  cold,  passing  carbonic  acid  through  tbe  filiate,  if 
necessary,  till  all  tlie  baiyta  is  precipitated,  warming,  filtering,  and  dctw- 
mining  the  baryta  in  the  titrate  by  sulphuric  acid.  1  eq,  of  ^^  same  a»r 
resixmds  to  1  eq.  of  nitric  acid.  [In  case  of  bismutb-salis,  boil  until  \Jtt 
separated  oxide  is  jierfectly  yellow.     Paioe], 

7.  In  many  nitiutes  whose  base^  are  precipitable  by  sulpburettiH!  by* 
drogen  the  nitrio  acid  may  be  determined  according  to  Gidbs  by  a<ldij»g 
to  the  salt  in  solution  about  its  own  weight  of  some  neutral  organic  6*1 1, 
e.y.,  lloch*.41e  salt,  and  tbrowii^g  doi*Ti  the  metal  bj  HS.  The  fil  trste  and 
washings  are  brought  to  a  definite  bulk  and  tbe  free  acid  ifl  deieniiined  m 
aliquot  portions  alkalimetricall^.f 

rf.  MsthidslHmdfspanih»d0e»mposU%onoftheNUrUAcUlh^ 
ddoriiU  of  /roiw 

Method  of  Pklocxk  J  and  FitBSEinUB.  The  decomposition  is  as  fol- 
lows : 

e  Fe  Cfl+K  O,  N  0,-h4  H  CI  =  4  H  O+K  Cl  +  3  Fe  C1,+N  Or 

*.  Select  a  tubulated  retort  of  about  200  c.  c.  capacity,  with  alongneck, 
and  fix  it  so  tbat  the  latter  is  inclined  a  little  upwards.  Introduoe into 
the  body  of  tbe  retort  about  1*6  grm.  fine  pianoforte  wire,  aocufatelr 
willed,  and  add  about  30  or  40  c.  c.  pure  fuming  byilroehloric  sai 
Oo«Miliot  now  tbrougb  tbe  tubulure,  by  means  of  a  glass  tube  readuag 
eiily  about  S  esn.  into  tbe  retort,  hydrogen  gas  washed  by  solution  of 
P^<»M«,  or  ^tire  carbonic  acid^  and  connect  the  neck  of  tbe  retort  with* 
I  *tub<»  oontainlng  some  water.  Place  the  body  of  tbe  retort  on  a  water 
P»Ui,  and  heat  gently  until  the  iron  is  dissolved.     Let  tbe  contentB  of 


•  H.  Ueme,  Zeit9clirin  1  aaaljt.  CbesL  1,  $06L 

i  Ahl  Jour.  Soi  xlir ,  SOB, 

I  JauiiL  f .  piakk  CbcoL  ^  8^. 
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ihit  mioTt  cool  in  the  current  of  hydrogen  gas  or  carbomc  acid ;  increase 
tbf  latter,  juid  drop  in,  through  the  neck  of  the  retort,  into  the  body,  a 
loall  tube  coiituiuing  a  weighed  poiiion  of  the  nitrate  under  exaniiiia- 
tiotif  which  should  not  contain  more  than  about  0*200  grm.  of  mtric 
■dcL  Alt^r  restoring  the  connection  between  the  neck  and  the  U-tube, 
1  tJie  contents  of  the  retort  in  the  water-bath  for  about  a  quart-er  of 
ibour,  then  remove  the  waiter- bath,  lietit  with  the  Limp  to  buiiing,  un- 
f  the  fluid,  to  which  the  nitric  oxide  had  impartt^d  a  dark  tint,  shows 
tlie  color  of  sescpiichloride  of  iron,  and  continue  boiling  for  some  minutes 
^  C&re  must  be  token  to  give  the  Iliad  an  oceaHional  shake,  to 

irent  the  depoaitiou  of  dry  salt  on  the  sides  of  the  retort*  Before  you 
[liiutie  boiling,  increase  the  curreut  of  hydrogen  or  carbonic  acid 
I  tluit  no  air  may  enter  through  the  U-tube  when  the  lamp  in  removed, 
*t  the  contents  cool  in  the  current  of  gas,  dilute  copiously  witli  water, 
ind  determine  the  iron  still  prest^nt  as  protochloride  by  permanganate 
(«ee  XoTE,  p.  19S) — 168  of  iron  converted  by  the  nitric  acid  from  the  8tate 
ofproto-  to  that  of  aesqui chloride  correspond  to  54  of  nitric  iwid.  My 
tett'-an&lvse^  of  pure  nitrate  of  potas&a  gave  100^1 — 100*03 — 10O"03,  and 
100*05  inst«fad  uf  1U0»*  [The  remaining  sei^quioxide  may  also  bedt^ter- 
mined  by  hy|K>8idphite  of  soda,  p.  203,  3  L], 

[S.     ScHLosiNo'smethoiI^+  moditied  by  Fruhlino  and  Grouvex.J 
The  following  method,  employed  by  Si'ULosincj,  mt>re  pai-ticularly  to 

determine  nitric  acid  in  tobacco,  and  which  atlords  this  very  iniportimfc 

id  vantage,  that  it  may  be  used  in  presence  of  organic  imitter,  lias  buc- 

ceasfullj  passed  through  the  ordeal  of  nximerous  and  searching  experi- 

BietitB. 
The  dissolved  nitrate  is  inti*o- 

duced  into  a  flask  of  400  c.  c. 

capacity,  fig*  62,  which  is  con- 

nect'cd,  by  means  of  an  india- 
rubber  stopper,  with  a  naiTow 
e,  a,  which  is  jrjined  by 
^cf  a  rubbc^r  in  be  8  cm. 

hmg,  wiUi  another   glasa  tube 

that  is  again  terminated  at  </, 

by  m  piece  of  rxibber  tube.    At 

c  a  pinch-cock  is  placecl.     The 

solution  of  the  nitrat*?,  which 

must  be  neutral  or  alkaline,  is 

heated  to  boiling,  d  being  sta- 

tioued  in   a  beaker  of   water, 

until    the    atmospheric   air   ia 


Fig.  03. 


perfectly  expelled  from  the  apparatus.  "W^en  the  va[H>rs  that  paiis  over 
completely  condense  in  <:/,  the  pinch-cock  e  m  closed  anij  the  lamp  ia 
oved.  Water  immediatt^ly  rises  in  the  tube  and  fills  it  enUrely  to 
Shortly*  the  vajmrs  in  the  fla«k  condense,  an  shown  by  the  collapse  of 
i  rubber  tube  at  c.  At  this  moment  the  tube  d  in  removed  from  the 
water  and  dippe<l  in  a  glass  containing  a  solution  of  protochloride  of 
iron  in  hydrochloric  acid. 


•  AnnaL  d.  Chem.  u  Pbann.  10«,  217. 

j  AimaL  de  Chim.  S  aer  torn.  40^  47l> ;  Jonm.  f,  pmkt.  Ghem* 

i  VeiBnohfl-Stationen,  DL  14. 


a,  142. 


332 


BBTEBMXKJLTtOir. 


[|'«- 


T}ie  piocU-cock  is  cautiously  opened  so  as  to  allow  the  protochloridfl 
Ui  enter  the  flask  slowly.  When  sufficient  of  the  iron  solution  haa  bwm 
introduced,  the  pinch*cock  is  closed,  and  d  is  brought  into  a  vesiel  of 
hydrochloric  acid,  and  portions  of  this  are  made  to  enter  the  Ea&k  iu  this 
gaoie  manner  repeatedly  until  the  tubes  are  completely  washed  of  all  prcK 
tochloride.  In  theae  operations,  ns  in  all  the  subsequent  transfers,  it  f  ' 
ftil  to  exclude  all  tracer  of  air,  which  is  easy,  pro \4de4  the  dn^pi^i 
that  hanga  to  d  when  it  is  carried  from  one  liquid  to  another,  is  not  ai 
to  fall  otil  Finally,  the  tube  is  rinsed  once  by  allowing  boilin;:  «•: 
to  recede,  and  then,  the  cock  being  closed,  the  tube  c/,  still  full  of  w&terj 
ifl  paised  into  the  lateral  tubuluro  of  the  receiver,  fig.  63,  which  stanth 
immersed  in  mercury. 

The  flask  is  again  gently  heated  and  its  contents  immediately  bosl 
with  violent  thumping.  The  sohition  becomes  black,  and  shortly  tlw 
collapsed  rubber  tube  at  c  show^  that  there  is  interior  pressure-  Ai 
noon  as  this  is  evident,  open  the  cock  and  allow  the  nitric  oxide  gas  t» 
pass  over  bito  the  receiver. 

The  receiver,  lig.  t).3,  has  a  rough-ground  neck,  which  is  conni*etecl  Vy 
rubber,  y*,  with  a  brass  cock ;  *  the  latter  is  likewise  joined  by  rubber  Ui 
a  shoi-t  glass  tube,  */.  Into  this  receiver,  the  cock 
Ix'ing  open,  some  wai(*,r,  freed  from  air  by  long  boil- 
ing and  cooled  in  a  closed  vessel,  is  introduceii  hy  a 
tall  funnel-tube  titled  into  the  tubulure,  and  den 
UiOicury  is  poiued  in  until  it  fills  the  vessel  up  to 
the  lower  edge  of  the  rubl>er,/'  In  this  Oj  < 
the  cock  and  small  tul>e,  <7, should  be  overfill 
the  water  previously  added.  The  receiver  is  tiiui 
empty  of  all  air,  and  stands  with  the  tubulur*  cov- 
ered with  mercury,  as  in  £g,  64. 

By  means  of  a  pipette,  having  a  narrow  robber 
tulM-  sli])jHHi  over  its  tip,  about  50  c.  c.  of  tliickiuvi 
wcll-lHiih^d  milk  of  lime  are  |>aased  into  the  rec^dver 
through  the  tubulure.     This  is  to  absorb  the  hydro- 
<  hloric  acid  which  boils  over  fi-om  the  flask,  mid  th« 
iver  is  shaken  to  facilitate  the  al>soi-ption. 
i     i -d  from  the  thiak  by  continual  boiling,  gathers  ia 
the  reciM  ver  in  a  sUit^  of  purity.     The  inrliA  of  its  complete  tratisfer  is  ei- 
aetly  marked  by  the  dciHisition  of  the  ndlk  of  lime,  which  is  throi*Ti  into 
agitHtiou  by  the  passage  of  a  permanent  gas,  but  quietly  condenses  or 
aWirU  etcHun  and  hydrochloric  acid.     The  completion  of  the  n  action  is 
also  indicated,  m  case  pure  nitrates  are  employed,  by  the  U.^uid  in  th^ 
Attk  ai»unuii|r  the  color  of  pure  sesquichloride  of  iion.     When  dart 
'••gjt^ble  extracts  are  under  analysis  this  indication  is  not  offered. 

Should  the  nitric  oxide  come  oflTiu  quantity  greater  than  the  receiver* 
can  t*ontain  at  onoe,  the  cocka  are  clased  and  the  lamti  Lh  ivnioved  frDi» 
luider  the  flask. 

Thii  rwi>er  is  then  emptiewi,  as  is  subsequently  described,  charge* 
anew  with  wator,  mercury^  and  milk  of  lime,  reconnected,  and  the  bofl— - 


»;•' 


Tlie  nitn* 


iwfl  rfi^nmed. 

WfctB  tli6  alMo  oxide  has  been 


completely  collected  in  the  reodwt^ 


(1 


r)  may  be  pfoeozed  with  a  glsM  stop  -^ 


|HM 


iriTBlC  MdSK 


k  most  be  trand^rred  ta  a  aeoond  flaak,  to  be  converted  into  nitric 

Tins  fl^sk,  fig.  64,  arranged  like  the  one  already  described,  cootainB  at 
first  aVj<.">ut  100  c,  c.  of  pur©  water,  which  ia  boileil  to  expel  all  atmo- 
fpheric  air,  and  while  fitill  boiling  vigorously  is  oonneotad  with  the 
irceiver  by  passing  the  end  of  the  tuhe  je  over  the  gla«a  tube  ^^  of  the 
kttpr.  The  lamp  is  then  removed^  and  when  colUfifle  of  th^  rubber  tuba 
fA-^^  place,  the  brass  stopcock  of  the  receiver  is  slightly  and  cautiously 
:  and  the  gas  allowed  to  recede  into  the  flask  until  the  milk  of 
uiiir  .ejtches  the  lower  edge  of/*  The  oock  is  then  closed  and  the  last 
portions  of  nitric  oxide  are  rinsed  into  the  flask  by  passing  into  the 
iver  a  few  (20-30)  c.  e.  of  pure  hydrogen  (washed  by  passing  through 
I  of  Titriol  and  milk  of  Ume),  and  allowing  this  to  recede  in  the  same 
~«»T.  This  rinsing  is  repeated  three  or  four  times.  The  rubber  tube 
is  now  closed  by  a  pinch-cock  at  y,  and  disconnected  from  the  receiver. 
It  is  tlien  united  in  the  same  manner  with  a  gas-holder  containing  pure 
oxygen  under  pressure,  and  the  gas  is  made  to  enter  the  flask.  It  is 
absorbed  with  the  appearance  of  red  fumes  and  the  formation  of  nitric 
teid.  After  half  an  hour  or  so,  the  fiask  being  occasionally  ^aken,  the 
mtrie  acid  is  dissolved  in  the  water  of  the  flask,  and  may  be  estimated 
bj  s  standard  alkaline  solution,  §  — . 


Fig.  $1 


Fri^hltsg  and  Grou\^n%  who  applied  this  method  to  the  estimation 
of  nitrates  in  plants,  extracted  the  dried  vcgetaV>le  with  alcohol  of  50 
|ier  cent,*  evaporated  the  solution  to  a  small  volume,  precipitated  with 
caustic  lime,  and  employed  the  filtrate  for  the  analysis.  For  details, 
see  their  paper,  he.  cit.^ 

[<?.  3ffitJiO(J  based  on  the  conversion  of  ilie  N'Uric  A  Hd  into  Ammonia. 

If  a  nitrate  be  placed  cold  in  an  acid,  or  be  heated  in  an  alkaline  Hiiid 
in  which  nascent  hydrogen  is  evolved  in  sufhcieiit  quiuitity^  all  the  nitric 
acid  may  be  conveiied  into  ammonia,  bo  that  from  the  amount  of  the 
latter  the  quantity  of  the  nitric  acid  may  be  accuratoly  deduced,  Nesbit* 
was  the  first  to  arrange  a  method  for  the  determination  of  our  acid  on  thia 

♦  Quart  Jomm  ChenL  Soc  1,  p.  281* 
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principle.  Aftei'wards  ScnuLZE,*  HAiicouRT,f  and  SiirwERT,J  suggestwi 
jirocesses  with  the  same  object,  Nesbit  reduces  with  zinc  in  ikdd  solu- 
tioti.  Tlie  others  reduce  in  alkaline  »olution,  Schitlze  with  platibibed 
zinc,  HAacouRT  and  Siewert  with  zinc  and  iron  filings. 

Tq  reduce  U'G5  grrn,  (10  grains,  of  nitre,  Nesbit  directs  to  place  I^tot 
20  gi-in*  of  thin  clean  fragment  a  of  zinc  in  a  flask  with  some  water. 
From  lo  to  20  c.c.  of  hydrochloric  acid,  sp.  gr.  1'17,  are  poured  out  into 
a  small  mea»ure,  and  about  one- tenth  part  i^  added  to  the  zinc  and  water. 
When  effervescence  has  fairly  commenced,  a  portion  of  the  nitrate,  pre^ 
viously  dissolved  in  water,  is  added  to  the  mixture*  The  tempemltirt 
must  be  kept  low,  if  necessary,  by  placing  the  vessel  in  cold  water.  Af- 
ter a  short  period  a  little  more  acid  is  added,  and  then  a  little  nitrate,  until 
all  the  .solution  of  the  nitnite  and  the  wasldugs  are  poured  in  and  about  one- 
fourth  of  the  acid  is  left.  Care  should  be  taken  that  for  the  first  hour  tho 
ellervesc€*nce  bo  slow.  Wlien  the  whole  of  the  solution  of  tlie  nitmte  is 
poured  in,  the  remainder  of  the  acid  must  be  added  from  time  to  time,  mid 
the  whole  left  until  eirervescence  ceases.  The  liquid  is  separattHl  from  tlie 
imdissolved  zinc  which  is  washed  with  the  smallest  quantity  of  water,  hd«1 
the  liquid  is  distilled  with  hydrate  of  lime  or  potash,  and  the  annaouifl 
estimated  as  directed  §  99,  3.  Instead  of  distilling  off  the  ammonia,  the 
acid  solution  is  brought  to  a  volume  of,  say  5(>  c.c,  and  10  c,  c,  are  treat^ 
in  the  azotometer  according  to  §  99,  4*  The  results  are  good  if  ih« 
directions  are  followed  strictly.  It  is  especially  needful  not  to  allow  the 
retlucing  action  to  proceed  too  vigorously,  as  otherwise  the  mixture  gets 
warm  and  binoxide  of  nitrogen  escapes.  A  similar  process  of  reduction 
has  given  good  results  in  the  bauds  of  Krohleb  and  DiKTfiicH.] 

Siewert  employs  to  about  1  grm,  nitre,  4  gi-m.  iron  filing  and  8 — 10 
grm.  zinc-filings,  and  also  16  gmi.  solid  hydrate  of  potassa  and  100  cc. 
ah'ohol,  0*825  sp.  gr.  By  the  use  of  alcohol  the  danger  of  the  boiliiig 
lluid  t^x'eding  is  got  rid  of.  His  apparatus  consists  of  a  flask  of  .300—^50 
c,  c,  ca]>acity  with  evolution  tube^  which  leads  to  the  flasks  represented  in 
$g,  65»    The  capacity  of  each  is  150 — 200  c,  c. ;  they  contain  uormul  f^nd. 

The  connecting-tnbe  b  is  ground  ol  ' 
at  both  ends,  c  serves  during  the  ojm 
to  hold  a  strip  of  litmus  paper,  and 
it  to  enable  the  analyst  to  transfer  thefli 
from  one  flaak  to  the  other  at  wilL    A 
the  apparatus  has  been  put  together, 
disengagement  of  gas  may  be  allowtnl  to 
go  on  in  the  cold,  or  it  may  be  assi^teil 
from  the  first  by  a  small  flame.     After  th^ 
lapse  of  half-an^hotir  the  ammonia  formeJ 

fl^^p*  ^^^^^^^^t     ^>^ns  to  pa&s  over  in  pro{x>Kion  as  the 
'^^•^^^^W^^^^9     ftleohol  distils  off.     As  soon  as  the  latter 
is  fully  removed  from  the  evolution  flask, 
fw  q^  heat   is   applied  with  great   caution — to 

drive  out  Uie  last  traces  of  ammonia— tiU 
trtiMan  appeals  in  the  evolution  tube,  or  10 — 15  c.  c.  alcohol  are  rapidly 
introdiioed  once  or  twice  into  the  evolution  flask  and  distilled  off.  The 
i  is  determined  as  above.     Test-analyses  good. 


Chem.  0«tttnItalaU.  1861,  ftS7  vl  8Kt.    f  Joom.  of  the  Chem.  Soa  xr.  385. 
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CHLOBTC  ACID. 

i^miiUk  th§  Nttroffm  of  ths  KUric  Add  U  9epa/raUd 
titwi  in  the  ga^e&ua  form, 

beae  methods  ai-e  more  parti  cukrly  sin  table  for  analyzing  nitrates 
pE  are  decomposed  by  ignition  into  oxide  or  metal  and  oxidea  of 
Dgen ;  they  will  be  foun<l  in  the  Section  on  the  Ultimate  Analysis  of 
Miic  Bodies,  §  1 B4 .  M  A  k  i  g  s  a  i  *  era  ployed  the  m  to  aiialy  Jie  com  po  n  n  ds 
itric  acid  with  suboxide  of  mercnry*     Bhomeis  analyzed  nitnte,  itc,, 

Kbj  a  similar  method,  recommended  by  Btinsen.     In  cases  where 
aided  to  determine  the  water  of  tlie  analyzed  nitrate  in  the  direct 
',  such  methods  are  ahuost  indispensable.'^ 


§150. 
2.  Chloaio  Acid. 


L  DeterwmfOUmn 


CIO, 
5  HO 


fiCl 
5  HO 


Wi©  chloric  aeid  in  aq neons  solution  may  be  determined  by  converting 
nto  hydrochloric  acid  by  the  agency  of  oascent  hydrogen  (II*,  c), 
determining  the  acid  formed,  as  directed  in  §  141 ;  or  by  saturating 
I  nolutioii  of  floda,  evaporating  the  Buid^  and  treating  the  residue  aa 
etad  IB  H.^  aorh, 

Stpwrafion  of  CMoric  Acid  from  the  Bmu  and  Determina- 
tion of  the  Acid  in  Chlorates^ 

,  After  BiTKSEX.f  When  warm  hydrochloric  acid  acta  npon  chlo- 
8,  the  latter  are  reduced;  as  this  reduction  is  not  attended  ^'ith 
2^on  of  oxygen,  the  following  decompositions  may  take  plaice  : — 

■^     ao.  (acio     CIO,    \%f^    cio.    \f^. 

Pf«g*      2Haj2Ha       SHCl^^Cl^     ^Hcijj^'o 

ich  of  these  products  of  decomposition  may  actually  he  formed, 
^ther  all  or  only  certain  of  them,  cannot  be  foreseen.  Bnt  no  matter 
ch  of  them  may  be  formeil,  they  all  of  them  agree  in  this,  that,  in 
tact  with  solution  of  iodide  of  jjotassium,  they  liberate  for  every  1 
acid  in  the  chlorate,  6  eq,  iodine.  762  of  iodine  liberated 
ad  aooo^tlingly  to  75*4^)  of  chloi-ic  acid.  The  analytical  process 
1m  described  §  142,  1. 

SkitTIM.^  To  the  concentrated  aqueons  solution  of  the 
chlorate  add  a  piece  of  zinc  and  then  some  pure  dilute  sulphuric 
I  allow  to  stand  for  some  time  (with  0*1  grm«  chlorate  of  potaasa, 
\A  sufficient).  By  the  nascent  hydrogen  the  chloric  acid  is 
[|to  hydrochloric  acid,  which,  after  removal  and  rinsing  of  the 
"I  according  to  g  141.  To  use  the  volumetric  method 
» sulphuric  acid  is  first  precipitated  with  nitrate  of  baryta, 
be  zinc  and  excess  of  baryta  with  carbonate  of  soda,  the  liquid  is 
red  and  neutralized,  then  chromate  of  potassa  is  added,  and  tinallj 
4ard  ailTer  solution^ 


•  See  also  Gibbs,  Am.  Jouni_  ScL,  xzzvii  S30. 

JAimaL  d.  Ch^m.  il  PhAmi.  89.  2^. 
Zdladnift  f.  aajJyt  Chem.  1,  500. 


are  determmod  witli  advantage  in  a  aepamte  portioB, 
kg  the  chlorate  eithor  by  very  eautioTis  ignitioHj  or  by  wsm- 
Cochloric  acid  into  chloride. 

ifttion  of  hypQcM^ous;  €udd  will  be  described  in  llie  Spedal 
I  **  CliiorimetTy,'' 


SECTION  V. 


SEPARATION  OF  BODIES. 


§151. 

It  the  pre-rious  Section  we  hAve  considered  the  methods  employed  for 
the  determinAtion  of  bases  and  acids,  when  only  on*3  base  or  one  acid 
ii  fJTCflent.  In  the  present  Section  we  shhll  treat  of  the  separation  of 
wdiei,  i,  «,,  the  deteraiiiiation  of  the  baaets  and  acid  a,  when  several  bases 
Of  ftcids  are  present. 

The  separation  of  bodies  may  be  effected  in  three  ways,  viz.,  a,  by 
dit^i  anolysis  ;  b,  by  indire/jt  analf/m^  /  c,  by  eaHmtUion  f^/  difference. 

By  (Hreei  annlijsiM^  wo  understand  liie  actual  separation  of  the  bases 
or  adds.    Thus,  we  separate  potash  from  soda  by  bichloride  of  pktinum ; 
copper  from  tin  hy  nitric  acid;  an^enic  from  iron  by  sulphuretted  hydro- 
gen; iodine  from  chlorine  by  nitrate  of  protoxide  of  palliwlium;  phos- 
phoric acid  from  sulphmic  acid  by  baryta  ;  carbon  from  tiitmUj  of  pota^sa 
by  water,  ttc,  Jrc     In  direct  analysis  we  render  the  body  to  be  esti- 
mated insoluble,  while  the  other  remains  in  solution,  or  rrc<y  versd^  or  we 
▼obtilize  it,  leaving  the  others  behind,  or  we  effect  actual  seji-aration  in 
sofoe  other  manner.     This  Ls  the  mode  of  analysis  most  frequently  em- 
ployed.    It  generally  deserves  the  preference  where  choice  is  permitted. 
We  term  an  analysis  indirect^  if  it  does  not  effect  the  actual  sepai-ation 
of  the  bodies  we  wish  to  determine,  but  causes  certain  changes  which 
enable  us  to  calculate  the  quantities  of  the  bases  or  acids  pre.sent.    Thus 
the  quantity  of  potash  and  soda  in  a  mixture  of  the  two  may  be  deter- 
miiied  by  converting  them  into  stilphatea,  weigldng  the  latter,  and  e«ti- 
mating  the  sulphuric  acid  (§  152,  3). 

Finally,  if  we  weigh  two  bodies  together,  determine  one  of  them,  and 
subtract  its  weight  from  that  of  the  two,  we  shall  find  the  weight  of  the 
other  body.  In  this  case  the  second  body  is  said  to  be  eMitnated  bi^ 
^(i^erence.  Thus,  alumina  may  be  determined  when  mixed  with  8es<:iui- 
[•wide  of  iron,  by  weighing  the  mixture  and  estimating  the  iron  voln- 
metrically. 

Indirect  analysis  and  estimation  by  difference  may  be  employed  in  an 
exceedingly  large  number  of  cases ;  but  their  use  is  as  a  rule  oidy  to  be 
recommended,  where  good  methods  of  true  separation  are  wanting.  The 
special  cases  in  which  they  are  preferable  to  direct  analysis  cannot  be  all 
foreseen ;  those  alone  are  pointt^d  out  which  are  of  more  frequent  occur- 
rence. As  regards  the  calculations  required  in  indirect  analysis  I  have 
given  general  tlirections  under  the  "  Calculation  of  Analysis ;  **  where- 
ever  it  appeared  judicious,  I  have  added  the  necessary  directions  to  the 
deijcription  of  the  method  itself, 

I  have  retained  our  former  subdi>^ion  into  groups,  and,  as  far  as 
practicable,  systematically  arranged,  first,  the  general  separation  of  aU 
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the  bodies  belonging  to  one  group  from  those  of  the  prAcoding  gron^w; 
secondly,  the  separation  of  the  iudi vidua!  bodies  of  one  group  fromikll 
from  certain  bodies  of  the  preceding  groups ;  and  finaJly,  tho  srjMvmti^ 
of  bodieii  belonging  to  one  and  the  same  gi'oiiji  from  each  other.  1  thi 
I  need  scan^ely  observe  that  the  general  methods  which  serve  to  fie|] 
the  whole  of  the  bodies  of  one  group  from  those  of  another  group^  an*' 
also  applicable  to  the  separation  of  every  indiv^idual  b(»dy  of  the  one 
group  from  one  or  several  bodies  of  the  other  group.  It  must  not  be 
understood  that  the  moi^  special  methods  are  necessarily  in  all  cases 
preferable  to  the  more  general  ones,  Aa  a  rule  it  must  be  left  to  iiidi- 
vidua!  chomists  to  decide  fr>r  themselves  in  each  special  case  which 
method  JsJiould  be  adoj^ted.  With  resjx^ct  to  the  general  methods  for  se- 
parating one  group  from  another,  I  would  observe  that  those  adduced 
appciared  to  me  more  adapted  to  the  purpose  than  others,  but  still  there 
may  be  other  that  are  equally  suitable^  and  in  special  cases  even  more  so. 
A  wide  (ield  is  here  opeu  to  the  ingenuity  of  the  analyst. 

The  tnethod.H  given  for  the  separation  of  both  bases  and  adds  kts 
generally  based  upon  the  supposition  that  they  nre  in  the  free  state,  aod 
in  the  form  of  salts  Holuble  in  water.  Wherever  this  Is  not  the  case, 
special  mention  is  made  of  the  eirciimstance* 

Fi-om  among  the  host  of  proposed  methods,  I  have,  as  far  as  practics- 
b!e,  choseu  those  which  have  been  sanctioned  by  experience  and  are  dl^ 
tlnguished  for  accurate  results.     In  cases  where  two  methods 

par  with  each  other  as  reganis  these  two  points,  I  have  either  giv-    

or  aelect^^d  the  more  simple  one.  Methods  which  experience  has  »hown  to 
be  defective  or  fallacious  have  been  altogether  omitted-  I  have  endeavortdi 
to  point  out^  OS  far  as  possible^  the  particular  circumstances  under  which 
either  the  one  or  the  other  of  several  methods  deserve  the  preferenc*^* 

Where  the  accni'acy  of  an  analytical  metliod  has  been  establi&lu*d 
alremly,  in  Section  IV.,  no  fui-ther  statements  are  made  on  the  subject 
here.  Paragraphi  of  former  Sections  deserving  particular  attention  ftre 
referred  to  in  parentheses. 

The  extension  of  chemical  science  introduces  almost  every  day 
analytical  methods  of  every  description,  which  are,  rightly  or  wroi 
preferred  to  the  older  methods  ;  the  present  time  may  therefore  be  I 
upon  in  this,  as  in  so  many  other  respecta,  as  a  period  of  ti 
which  the  new  strives  more  than  ever  to  overcome  and  supplauit 
I  make  this  remark  to  show  the  impossibility  of  always  adding 
description  of  a  method  an  opinion  of  its  usefulness  and  accuracy^  and 
also  to  point  out  the  importance,  nnder  such  circumstances,  of 
fljatematic  arrangement.  I  have  iu  this  Section  generally 
various  analytical  methods  upon  the  huam  of  their  scientific  piincJpl 
firmly  persuaded  that  this  will  greatly  tend  to  facilitate  the  study  of  the 
science,  and  wiH  lead  to  endeavors  to  apply  known  principles  to  theispi^ 
ration  of  other  bodies  besides  those  to  which  they  are  already  applied,  of 
to  apply  new  {irineiples  where  expeiience  has  proved  the  old  oadS&Ui^ 
cious,  and  the  methods  based  on  them  defective. 

I  conclude  these  introductory  remarks,  with  the  important  caution  tO 
the  student,  never  to  look  upon  a  separation  as  wiAcaessfully  aecompUi^ 
before  he  luis  convinced  himself  that  the  weighed  precipitate*^  d^c,  wrep^ 
tmd  free  from  tkoie  bodies  frofn  which  it  wm  intended  to  Bepaf^aU  l&A* 
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L  SEPARATION  OF  THE  BASE8  FROM  EACH  OTHER. 


FIRST    GBOUP* 


POTASSA^SODA — AMMONIA — (lITIIIa).^ 


Ikdex  : — The  Nob.  refer  to  those  in  the  nuugin. 
Potwua  from  soda,  1,  5, 

*^  **     ammoniii^  3,  4. 

Soda  trom  potaasa,  1,  5« 

**       **     smmonia,  S^  4. 
Ammonia  from  potassa,  3,  4. 

•♦  ''     eoda,  3,  4. 

{LUhia  from  the  other  alkalies^  0,  7^  8L) 

1.  Methods  hated  upon  the  different  DeqreeM  of  SolttbtfUf/  in  Alcohol^ 
of  tft€  DouhU  Chl<tnde4t  of  tJie  Alkali  MetaU  and  JSichloridi 
of  Plutinum,) 

a.  Potassa  from  soda. 

It  ifTttii  indispensable  contiition  in  this  method  that  the  two  alkalies  1 
ahould  exist  in  the  fonn  of  ehhi>ricies.  If,  theretore»  thej  are  presetit  in 
mnj  other  form,  they  must  be  first  converted  into  chlorides,  which  in 
|DO«t  G«ae8  may  be  effected  by  evaporation  with  liydrochbnc  acid  in 
in  the  case  of  nit  rates  the  evaporation  with  hydrochloric  acid 
mutt  be  repeated  4 — 6  times  till  the  weight  of  the  gently  ignited  mass 
«  to  diminish.  In  presence  of  sulphuric  acid,  phosphoric  acid, 
^d  boracic  acid,  this  simple  method  will  not  answer.  For  tlie  methods 
of  seytarating  the  alkalies  from  the  two  latter  acids,  and  converting 
them  into  chloridea,  see  §§  135  and  136,  The  presence  of  sulphnric 
Acid  being  a  circumstanoe  of  rather  fteqnent  oceurrence,  the  way  of 
meeting  this  contingency  is  given  tielow  (2). 

Determine  the  total  quantity  of  the  chloride  of  sodium  and  chloride 
of  potassium  f  (§§  97,  98),  dissolve  in  a  small  portion  of  water,  add  an 
of  a  concentrated  neutral  solution  of  bichloride  of  platiimm  in 
hRraier,  evaporate  on  the  water- bath  nearly  to  dryness  (the  double 
chloride  of  pUtinum  and  sodium  should  not  lose  its  water  of  crystal- 
lisation), treat  the  residue  with  alcohol  of  from  * 86  to  *8 7  sp.  gr.,  cover 
fthe  beaker  or  dish  with  a  glass  jilate,  and  allow  to  stand  a  few  hours, 
with  occasional  stirring.  If  the  supernatant  iluiil  appears  of  a  deep 
yellow  color,  this  is  a  proof  that  a  sufficient  (piautity  of  bichloride  of 
platinum  has  been  used  to  precipitate  the  whole  of  the  potassium. 
When  the  precipitate  has  settled,  pour  off  the  clear  fluid  through  a 
weighed  filter  and  examine  the  precipitate  most  mhmtely,  if  necessary, 
with  the  aid  of  a  microscope.  If  it  Is  a  heavy  yellow  powder  (suffi- 
peCL^j  magnified,  small  octahedral  crystals^  it  is  the  pure  chloride  of 


*  With  f«gard  to  the  separation  of  the  oiddeH  of  csaiaiii  and  nibldinm  from  the 
!olli«r  alkaliei,  vee  Watts'  Dictionary  of  Chemistiy,  I.  p.  1113. 

f  Never  weigrh  the  chlorides  of  the  alkali  metals  before  you  have  convinced 
yonrielf  of  their  purity  by  disaolving^  them  in  water,  which  should  ^ve  a  clear 

'mtlon,  and  tettdng-  this  §olation  with  aromoma  and  carbonate  of  aDimonia,  which 

III  ttuow  down  no  precipitate.  It  may  be  thought,  perhaps,  that  a  matter  so 
rifBpie  need  not  be  mentioned  hero  ;  still,  I  have  fomid  that  neglect  in  this  respect 
ba  by  no  means  unoommon. 
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pUtinnm  and  potasaum.*    Then  transfer  it — ^best  with  the  aid  of  the 

filtrate — to  the  filter,  wash  it  with  spirit  of  'Bi]  to  -87  ap,  gr,  and 
proceed  according  to  §  97,  If,  on  the  contrary,  white  saline  particles 
(chloride  of  sodium)  are  to  be  seen  mixed  with  the  yellow  cryjitalliii© 
powder,  bichloride  of  platinum  has  been  wanting,  the  whole  of  the 
chloride  of  »odium  not  having  been  comjiletelj  oonvertiHl  into  chlo- 
ri<Jo  of  sodium  and  platinum.  In  this  case  the  precipitate  in  the  dish 
must  be  treated  with  some  water,  till  all  the  chloride  of  sodium  is 
dissolved,  a  fresh  portion  of  bichloride  of  platinum  is  added,  the 
whole  evajxjrated  nearly  to  di*yues8,  and  the  above  examination  ne^ 
peated.  TJie  quantity  of  the  soda  is  usually  estimated  by  subtractiDg 
firom  the  united  weight  of  the  chloride  of  aodium  and  chloride  of  pota»- 
sium  tl»e  weight  of  the  latter,  calculated  from  that  of  the  potassio- 
bichloride  of  [datiunm. 

To  make  quite  sure  that  the  potassa  has  completely  separated,  it  is 
advisable  to  add  to  the  filtrate  some  water,  some  more  bichloride  of 
plutiuum^  and,  if  the  quantity  of  soda  is  only  small,  also  acme  chloride 
of  i^odiura  J  evaporate  on  the  water-bath  nearly  to  dryness,  at  a  tern* 
perature  not  exceeding  7o*^  (BisriioF),  and  tre^t  the  retsidue  in  the 
manner  just  described.  In  order  to  diminish  the  solvent  action  of  the 
spirit  on  the  chloride  of  pot assiuui  aud  platinum,  J  ether  may  be  now 
mixed  with  it.  Should  this  oiKviatiau  again  leave  a  small  undissolTod 
residue  of  chloride  of  potas-siuoi  and  platinum,  it  is  filtered  off,  best  on 
a  separate  filter,  determined  by  itself,  and  the  number  added  to  the 
princijial  amounL 

1  prefer  subjecting  the  filti*ate  to  this  examination,  to  the  process  of 
evaporating  it  to  dryness,  iguitiug  the  residue  with  addition  of  some 
oxalic  acid,  or  in  a  current  of  hydrogen,  extnicting  with  water  and 
determining  the  chloride  of  sotlium  in  tho  solution  obtained  ;  since, 
after  all,  the  estimation  of  the  soda  here  is  only  njtparemth/  direct :  if 
the  chloride  of  potasHium  luis  not  completely  separated,  the  portion 
still  remaining  in  the  tilti-ate  will,  of  course,  be  obtained  now  ndxed 
with  the  chloride  of  sodium.  The  latter  method  can  therefore  only 
atibrd  a  control  to  determine  whether  a  loss  of  substance  has  been 
sustained  in  the  operation.  Instead  of  the  process  given  for  the  direct 
determination  of  soda,  the  filtrate  containing  the  double  chloride 
of  platinum  and  sodium  may  also  be  evaporated  to  tiryness  with 
adilition  of  sulphiuric  acid,  the  residue  ignited,  the  sulphate  of  soda 
extracted  with  water  and  determined  according  to  §  98,  1  (A.  Mlf- 
scherlkh). 

Should  the  solution  contain  sulphuric  acid,  it  may  be  in  presence  of 
hydrochloric  acid  or  of  some  volatile  acid,  convert  the  alkalies  first  into 
neutral  sulphates  {§§  97,  98),  and  weigh  them  as  such.  Dissolve  ins 
little  water,  and  add  an  alcoholic  solution  of  chloride  of  strontium, 
glighdy  in  excess.  (The  quantity  of  spirit  of  wine  in  the  fluid  mnst 
not  be  so  large  as  to  precipitate  chloride  of  sodium  or  chloride  of  potai" 
sium. )  Allow  to  deposit,  filter,  and  wanh  the  sulphhate  of  strontis 
(which  if  weighed  yields  an  exact  control  of  the  analysis — compncQ 
§  152,  3)  with  we^k  epirit  of  wine,  until  the  washings  no  longer  leaw 


*  If  small  tassenl  cojitalfl  arid  risible  of  a  dark  orange  jellow  oolor«  andltli' 

th  ely  large  sise,  and  appearing  transparent  by  tranaraitted  light,  then  thedooW* 
chloride  contadna  cMoride  of  platinum  and  lithium  (Jexizsoh). 
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a  reaiJoe  upon  evaporation  on  a  watcb-glftss  ;  evaporate  the  filtrate 
autil  thtt  spirit  of  wine  is  completely  driven  off,  dissolve  the  residue  in 
a  very  small  quantity  of  water,  add  bichloride  of  platinum,  and  proceed 
fts  directed  above.  The  minute  poi'tion  of  chloride  of  strontium  added 
in  excess  diasolveSj  either  in  that  form,  or  as  strontio-bichloride  of  pla- 
tinum, together  with  the  sodio-bichloride  of  platinum,  in  spiiit  of 
wine. 

Instead  of  thii?  method,  the  following  process  may  be  resorted  to : — 
Dissolve  the  sulphates  of  the  alkalies  in  water,  and  aild  baryta  water, 
free  from  alkali,  aa  long  as  a  precipitate  forms  ;  allow  to  deposit,  fil- 
ler, wa^h  the  precipitate,  and  conduct  carbonic  acid  into  the  filtrate, 
to  tlirow  down  the  excess  of  baryta ;  heat  to  boiling,  tilter  the  precipi- 
tated carbonate  of  baryta,  wash,  add  hydroctiloric  acid  to  the  ^trate, 
and  evaporate  to  dryness. 

Bepeated  exi)eriment8  have  eliown  that  the  process  of  separating 
potaaaa  and  soda,  as  descdbed  above,  gives  always  a  little  less  potassia 
than  is  really  present.  If  the  process  is  properly  conducted,  the  loss 
of  potassa  amounts  to  no  more  than  1  per  cent.  I  have  found  that  it 
is  usually  greater  in  cases  where  the  eoneentrated  solution  of  the  me» 
tftllic  chlorides  is  mixed  with  bichloride  of  platiiutni,  and  then  with 
«  tether  large  quantity  of  alcohol.  [See  also  Finilener,  Pogg.  Ann, 
xatix^  p.  637*] 

3*  M^hod$  haaed  upon  the  VolatUUf/  of  Ammonia  cmd  iU  SalU^ 

AMMomx  FBOU   SODA  AXB   POTASSA. 

o.  The  mUt  of  the  alkaliee  to  be  eq^araied  con4a%n  the  eame  volar 
iUe  aeidf  and  admit  of  the  total  expuUian  of  their  water  by  drying  at 
lOO*',  wiihaut  loeing  amfmmia  («.  ff,,  the  metallic  chlorides). 

Weigh  tlie  total  mass  of  the  salts  in  a  platinum  crucible^  and 
heat  with  the  lid  on,  gently  at  fii-st,  but  ultimately  for  eome  time 
to  £mit  redness ;  let  the  mass  cool,  and  weigh.  The  decrease  of 
weight  gives  the  quantity  of  the  ammonia  salt.  If  the  acid  present 
ii  sulphuric  acid,  you  must,  in  the  firat  place,  take  care  to  heat  very 
gimduudly,  as  otherwise  you  will  suffer  loss  from  the  decrepitation 
of  the  sulphate  of  ammonia  ;  and,  in  tlie  second  place,  bear  in  mind 
thai  part  of  the  sulphunc  acid  of  the  sulphate  of  ammonia  i-emaina 
with  the  sulphates  of  the  fixed  alkalies,  and  that  you  must  accord- 
ingly convert,  them  into  neutral  salts,  by  ignition  in  an  atmosphere 
of  carbonate  of  ammonia,  before  proceeding  to  determine  their  weight 
(comjmre  §§  97  and  98).  Chloride  of  ammonium  cannot  be  separated 
in  this  manner  from  stdphates  of  the  fixed  alkalies,  as  it  converts 
them,  upon  ignition,  partly  or  totally  into  chlorides. 

ft.  Some  one  or  otiter  of  the  condilione  given  in  a  ie  notfuyiUed, 
If  it  is  impracticable  to  alter  the  circumstanoee  by  simple  means 
lO  as  to  make  the  method  a  applicable,  the  fixed  aJkalies  and  the 
ammonia  must  be  estimated  separately  in  di0ei*ent  portions  of  the 
substance.  The  portion  in  which  it  is  intended  to  determine  the 
soda  and  potassa  is  gently  ignited  until  the  ammonia  is  completely 
expelled.  Tlie  fixed  alkalies  are  converted,  according  to  eircum- 
•tmnoea,  into  chlorides  or  sulphat^js,  and  treated  aadirectcfd  in  J  or  5- 
^le  ammonia  is  estimated,  in  another  portion,  according  to  §  99,  3 
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3.  Indirect  Method. 

POTASSA   FROM   SODA. 

Convert  both  alkalies  into  chlorides  (§  97,  2),  and  weigh ;  estimate    | 
the  chloiine  (§  141);  and  calculate  the  quantities  of  the  soda  and 
potassa  from  these  data  (see  "  Calculation  of  Analyses,^  §  197). 

The  indirect  method  of  determining  potassa  and  soda  is  appli- 
cable [whenever  the  mixed  chlorides  can  be  obtained  in  a  state  of 
purity.  It  is  very  accurate  and  expeditious*],  particularly  if  the 
chlorine  is  determined  volumetrically  (§  141,  I.,  6). 

Supplement  to  the  First  Ghroup. 
Separation  of  Lithia  from  the  other  Alkalies. 

Lithia  may  be  separated  from  potaaaa  and  soda  in  the  indirect    ( 
way,  or  by  either  of  the  following  two  methods  : — 

a.  Treat  the  nitrates  or  the  chlorides,  dried  at  120°,  with  a  mix- 
ture of  equal  volumes  of  absolute  alcohol  and  anhydrous  ether,  digest 
at  least  for  twenty-four  hours,  with  occasional  shaking  (the  salts  must 
be  completely  disintegi'ated),  decant  on  to  a  filter,  and  treat  the  residue 
again  sevei-al  times  with  smaller  portions  of  the  mixture  of  alcohol  and 
ether.  Determine,  on  the  one  part,  the  undissolved  potassa  and  soda 
salts  ;  on  the  other,  the  dissolved  lithia  salt,  by  distilling  the  fluid  oflT, 
and  converting  the  residue  into  sulphate.  This  method  is  apt  to  give  too 
much  lithium,  as  the  potassa  and  soda  salts,  especially  the  chlorides,  are 
not  absolutely  insoluble  in  a  mixture  of  alcohol  and  ether.  The  results 
may  be  rendered  more  accurate  by  treating  the  impure  lithia  salt,  ob- 
tained by  distilling  off  the  ether  and  alcohol,  once  more  with  alcohol 
and  ether,  with  addition  of  a  drop  of  nitric  or  hydrochloric  acid,  add- 
ing the  residue  left  to  the  principal  residue,  and  then  converting  the 
lithia  salt  into  sulphate.  If  the  salts,  which  it  is  intended  to  treat 
with  alcohol  and  ether,  have  been  ignited,  however  so  gently,  caustic 
lithia  is  formed — in  the  case  of  the  chloride  by  the  action  of  water — and 
carbonate  of  lithia  by  attraction  of  carbonic  acid  ;  in  that  case,  it  is 
necessary,  therefore,  to  add  a  few  drops  of  nitric,  or,  as  the  case  may 
be,  hydrochloric  acid,  in  the  process  of  digestion.  The  sejiaration  of 
the  chlorides  of  the  alkali  metals  by  a  mixture  of  ether  and  spirit 
was  originally  recommended  by  Rammelsbero.I 

If  we  have  to  separate  the  sulphates,  they  must  be  converted  into 
nitrates  or  chlorides  before  they  can  be  subjected  to  the  above  method. 
This  conversion  may  be  effected  by  one  of  the  processes  given  in  % 
Instead  of  the  alcoholic  solution  of  chloride  of  strontium  you  may 
use  an  aqueous  solution  of  nitrate  of  strontia  with  addition  of  aloohoL 

6.  Weigh  the  mixed  alkalies,  best  in  form  of  sulphates,  and  then  deter-  \ 
mine  the  lithia  as  phosphate  according  to  §  100.  If  the  quantity  of 
lithia  is  relatively  very  small,  convert  the  weighed  sulphates  into  chlo- 
rides (6),  separate,  in  the  fii-st  place,  the  principal  amount  of  the  po- 
tassa and  soda  by  means  of  alcohol  (§  100),  and  then  determine  the 
lithia  (Mayer  J). 

♦  Collier,  Am.  Jour.  ScL  (2)  xxxvii  844. 
t  Pog^.  AnnaL  66,  79.  %  AnnaL  d.  Chem.  a.  Phann.  98, 198. 
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T^e  sepftratioii  of  tithm  from  ammonia  maj  be  efifeoted  Eke  that    8 
of  potaoisa  And  soda  from  ummoula  (3  &nd  4)- 


SBCOND    QROUP. 

BA&TTA^ — STBONTIA — LIME — MAGNESIA, 

PABATIOK    OF    THK     OXTDES     OF    THE      SeCONB    QfiOtXP     FBOM 
THOSE   OF   THE    FlRST. 


§153. 

IndCB : — The  Nos.  refer  to  thoee  m  the  mi&rgiiL 
Baryta  from  potaesa  and  soda,  9,  11, 

*^         **     am  mania,  l(X 
Str&iitia  from  potasHa  and  aod^^  9,  12. 

**  **  ammouiji,  10. 

lAme  from  potawa  aiid  soda,  9,  13, 

**        "    ammonia,  10. 
Ma^nefia  from  potasaa  and  aoda,  14 — 19. 
"  **    ammonmi  ID. 


A,   Oenerai  Method. 
The  WHOLE  of  the  Alkaline 


Earths  from  Fotassa  Aim 


1 
80DA. 

PAjyyiple :  Carbonate  of  ammonin  precipitates,  from  a  solution 
€antninin(/  chloride  of  ammonium^  only  fntri/ta^  strontla^  and  llrrte. 

Mix  tlie  solution,  which  contains  the  bases  as  chlorides,  with  a  ttufB* 
cietit  qwaniity  of  chloride  of  ammoDium  to  prevent  the  pi*ecipitHtioii  of 
the  mAgnesitt  bv  ammo iiiii ;  ililute  considerably,  add  fiomearniuoniu,  then 
carboiuiteof  ftmmoniaiji  slight  eitcebs,  let  the  mixture  stand  covered  for 
2  hours  in  a  warm  plaee,  filter,  and  wa8h  the  precipitate  with  water  to 
which  a  few  drojjs  of  ammonia  have  been  added. 

The  precipitate  contains  the  baryta^  utrontia,  and  lime/  the  pirate 
the  mafffusia  and  the  alkalies,  80  at  least  we  may  assume  In  cases 
whera  the  highest  degj^ets  of  accuracy  is  not  requi  red.  Strictly  speaking, 
however,  the  aoUition  still  contains  exceedinygly  minute  traces  of  lime 
and  somewhat  more  consitlerable  traces  of  baryta,  aa  the  carho nates  of 
these  two  earths  are  not  absolutely  insoluble  in  a  tiuid  containing  chlo- 
ride of  ammonium;  the  precipitate  also  may  contain  [jossibly  a  little 
carbonate  of  ammoniaand  magnesia*    Treat  the  precipitate  according  to 

S:  154, and  the  filtrate— in  rigorous  analyses— as  follows:  add  3  or  4 
pops  (but  not  tiuieh  more)  of  dilute  sulphuric  acid,  then  oxalate  of  am- 
monia, and  h't  the  duid  stand  again  for  13  houi*8  in  a  wanii  place.  If  a 
precipitate  forms,  collect  this  on  a  small  filter,  wash,  and  treat  on  the 
filter  with  some  dilute  hydrochloric  acid,  which  dissolves  the  oxalate  of 
^  lime^  and  leaves  the  sulphate  of  baryta  undissolved.  Since  a  little  oxa- 
Lite  of  ma^esia  may  have  separated  with  the  former,  add  some  ammo- 
nia to  the  hydrochloric  solution,  filter  after  the  precipitate  has  settled, 
an<l  mix  the  filtrate  with  the  principal  filtrate. 

Evaj^orate  the  flnid  containing  the  magnesia  mid  the  alhdies  todry- 
{tteea,  and  remove  the  ammonia  salts  by  gentle  ignition  in  a  covered 
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cmcible,  or  in  a  small  covered  dish  of  platinimi  or  porceUin.*  In  the 
residue,  separate  the  magnesia  from  the  alkidies  hy  one  of  the  methods 
given  (14—19). 

2,  The  tmiole  of  the  Alkaltns  Earths  from  Ammonia. — ^The  Baiue  10 
principle  and  the  same  [)rcK:es8  as  in  the  separation  of  potaasa  and  soda 
from  ammonia  (3  a^d  4)* 

B.  Jfyeeial  Meihodg. 

SiKOLE   AULALIKE  EaSTHB  FROM   POTABfiA  AITD   SODA. 

1.  Baryta  from  Potass  a  and  Soda. 

Precipitate  the  baryta  with  dilute  sulphuric  acid  (§  101,  l»o),evjip-ll 
orate  the  filtrate  to  dryness,  and  ignite  the  residue,  with  addition  to- 
wai'ds  the  end  of  carbonate  of  ammonia  (g  97,  1  and  §  98,  1)*     Take 
care  to  add  a  sutDcient  quantity  of  sulphuric  acid  to  convert  the  al- 
kalies also  comjiletely  into  sniphates, 

Tliia  method  is,  on  a<?couiit  of  its  greater  acctmicy,  preferable  to 
tlie  one  in  9,  m  ea^es  where  the  baryta  has  to  be  separated  only  from 
one  of  the  two  fixed  alkalies ;  but  if  both  alkalies  are  present,  the 
other  method  is  more  convenient^  since  the  alkalies  are  then  obtoinai 
aa  chlorides. 


4 


2.  Stbontia  from  Potabsa  and  Soda. 
Strontia  may  be  separated  from  the  alkalies,  like  baryta,  by  means  IJ 

of  Bolphuric  acid ;  but  thb  method  is  not  preferab]^  to  the  one  in  9»  ii^ 
cases  where  the  choice  ia  permitted  (comp.  §  102). 

3.  Lime  from  Potassa  and  Soda. 

Precipitate  the  lime  with  oxalate  of  ammonia  (g  103,  2,  &,  a),  evapo- 
rate the  filtrata  to  dryness,  and  determine  the  alkalies  in  the  ignited 
residue.  In  determining  the  alkalies^  dissolve  the  residue,  fi^ed  bf 
ignition  from  the  ammonia  salts,  in  water,  filter  the  solution  from  the 
undissolved  portion,  acidify  the  filtrnt-e,  acet:)rding  to  circumstances, 
with  hydrochloric  acid  or  sulphuric  acid,  and  then  evaporate  to  dry- 
ness ;  this  treatment  of  the  revsidne  is  necessary,  because  oxalate  of 
ammonia  partially  decomposes  chlorides  of  the  alkali  metals  upon 
ignition,  and  converts  the  bases  into  carbonates,  except  in  presence 
of  a  large  proportion  of  chloride  of  ammonium.  The  results  are  still 
more  accuiiite  than  in  0,  except  where  oxalate  of  ammonia  has  been 
used,  after  the  precipitation  by  carbonate  of  ammonia,  to  remoYe  the 
minute  tracee  of  lime  from  the  filtrate. 


4.  Magnesia  from  Potassa  and  SoDA.f 

a*  MeHiodshased  upon  the  sptx/rin^  stdtih'dity  of  Ma^eMuz  in  JVoter* 
fl(.  Make  a  solution  of  the  bases,  as  neuttul  as  possible,  and  fr^e  from  14 

*  This  operation  effects  also  tb«  removal  of  the  small  quantity  nf  srdpbtmo 
acid  added  to  precipitate  the  traces  of  batytSf  aa  sulpliatea  of  the  alkalicw  sra 
converted  into  chlandea  of  tbe  alkali  metals  upon  ignitian  in  presence  of  s  Itigo 
proportton  of  chloride  of  ammonium. 

f  The  methods  a  and  ii  are  sui table  for  the  ieparat£a&  of  magnesia  from  lit] 
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^nLmotua  salts  (it  is  a  matter  of  indifference  whether  the  acid  is  sul- 
|ihurlc,  hydrochloric,  or  nitric),  add  baryt*t- water  as  long  as  a  j)re- 
eipitate  forms,  heat  to  boiling,  filter  and  wash  the  precipitate  with 
boiling  water*  The  precipitate  containa  the  magnesia  as  hydrate ;  it 
|&  dissolved  in  liydrochloric  acid,  the  barj^ta  thrown  down  with  sul- 
Jphtmc  acid,  an<l  the  magnesia  an  phosphate  of  magnesia  and  ammo- 
|m&  (§  104,  2).  The  alkalies,  which  are  contained  lu  the  solution, 
tedccording  to  circumstances,  as  chlorides^  nitrates,  or  caustic  alkalies, 
kre  separated  from  the  baiyta  as  directed  in  9  ^^i"  U*  The  method 
^ves  good  results,  but  is  rather  tedioiis. 

^,  Precipitate  the  solution  with  a  little  pure  milk  of  lime,  boil,  15 
filter,  and  wash.  Separatt^  the  lime  and  the  magnesia  in  the  precipi- 
^te  according  to  25  or  29  J  the  lime  and  the  alkalies  in  the  tiltmte, 
ms  directed  in  9  ^^'  13-  I  am  very  fond  of  employing  this  method 
in  casea  where  tho  magnesia  has  to  he  removed  from  a  fluid  contain- 
ing lime  and  alkalies,  provided  the  alkalies  alone  are  to  be  deter- 
luined. 

y.  Add  to  the  chlorides  pure  oxalic  acid  in  sufficient  quantity  to  16 
convert  all  the  bases  present,  viewed  as  potassa,  into  quadroxalates  ; 
ikdd  some  water,  eva|>orate  to  dryness  in  a  platinum  dish,  and  ignite. 
By  this  operation  the  chlt»rides  of  the  alkali  metals  are  partially,  the 
chloride  of  magnesium  completely,  converted  into  oxalates,  which, 
[  ignition,  give  curbonated  alkalies  and  magnesia.  Treat  the  resi* 
repeatedly  with  small  <^uantitiea  of  boiUng  water ;  during  this 
king  the  precipitate  may  be  ti*ansferred  to  the  filter  or  remain  in  the 
dish,  no  tnatter  which.  When  all  the  alkali  salt  is  washed  out,  dry  the 
filter,  burn  it  in  the  dish,  ignite  strongly,  and  weigh  the  magnesia.  If 
the  solution  looks  a  little  turbid,  evaporate  to  di'yness,  treat  the  resi- 
due with  water,  and  tilter  otT  the  triHing  amount  of  magnesia  still  re- 
maiiung ;  add,  finally,  hydrochloric  acid  to  the  filtrate,  and  determine 
the  alkalies  as  chlorides. 

If  the  bases  are  present  in  form  of  sulphates,  add  to  the  boiling  17 
solution  chloride  of  baiium,  until  the  fonnation  of  a  precipitate  just 
ceaaeo,  evaporate  the  filtrate  with  on  excess  of  oxalic  acid,  and  proceed 
as  in  16.     Separate  the  carbonate  of  baryta,  which  remains  mixed 
with  magnesia,  from  the  tatter,  as  directed  22* 

W©  owe  these  methods  to  Mits(HErli«;h,  and  the  deaciiption  of  18 
them  to  Laslh,*     I  can  add  my  own   testimony  to  the  accuracy  of 
the  results.     Still  the  weighed  alkali   salt  should  always  be  tested 
with  phospliate  of  soda  anrl  aiumonia  for  magnesia.    Usually  a  wei^- 
able  precipitate  is  produced  which  cannot  be  passed  over. 

The  method  described  in  16  may  also  be  successfully  employed 
with  nitrates,  for  which  it  is,  indeed,  specially  recommended  by 
pEViiXE.f  Carbonic  acid  and  nitrous  acid  are  evolved  in  the  proceBS 
I  ol  evaporation. 


Jdoffnena, 


of  Magnesia  as    CarbomUe  0/  Ammonia- 


Mbt  the  solution  of  sulphates,  nitrates,  or  chlorides  (it  must  bo  very  19 
entrated)  with  an  excesfl  of  a  concentrated  solution  of  Besquicarbo- 


•  Jonm.  f.  prakt  Chem.  <Sa,  348. 


t  Ibid  m,  17. 
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nate  ofamnioiiixi  in  water  and  ammonia  (230  grm.  of  iKe  salt,  180 
c.  c.  solution  of  ammoma  sp.  gr,  0*92,  and  water  to  1  litre).  After 
twenty-four  hours  tiltt^r  off  the  precipitate  (MgO,  COg  4-  NH^  0,00, 4- 
4  aq.)y  wash  it  wdtli  the  solution  of  caustic  and  carbonated  amnionia 
used  for  the  f>recipitation,  diy,  ignite  strongly  and  for  a  suflicient 
length  of  time,  and  weigh  the  magnt5sia.  Evaporate  the  dltmt^  to 
drynees,  keeping  the  heat  at  first  under  lOC^,  expel  the  ammonia 
salts,  and  detf  ruiiue  the  alkalies  as  chlorides  orsulphatftB.  When  soda 
alone  is  present  the  I'esultsai'e satisfactory.  In  the  presence  of  |K>taAA 
the  ignited  magnesia  must  be  extracted  with  water,  before  weigh- 
ing, AS  it  contains  an  appreciable  quantity  of  carbonate  of  jxitassa ; 
the  wasliiugs  are  to  be  added  to  the  princij>al  filtrate.  This  IsmX  mea- 
sure is  unnecessary  in  the  absence  of  potassa.  Reaultn  satisfactory; 
the  magnesia  is  a  little  too  low.  Mean  error  y^^r  i^'  O.  Sc^haff- 
gotsch/  H.  Weber  f). 


n.  Sefaratiok  or  the  Oxides  of  the 

EACH  OTHEB, 


Second  Gboitp  from 


§  1^4. 

Indo! ;— The  Noa-  refer  to  thoae  in  the  maigia. 
Baryta  from  Btrontia,  331 ,  24,  »8. 
lime,  21,  23,  24,  32. 
^'  magnesia.  20^  22. 

atrontkt  from  baryta,  21,  34,  8S, 
Ume,  28,  31. 
''  magnesia,  20,  22, 

Lime  from  bmyta,  21,  23,  24,  33. 
**         gtrontia,  28,  31. 
»*  magneam,  20,  25,  26,  27,  20»  80. 

Magmtia  from  baryta,  20.  23. 
**  Btrontia,  20,  22. 

lime,  20,  25,  20,  27,  29,  Sa 

A-  General  Method,  ,^ 

THE   WHOLE    OF    THE   ALKALDTE    EARTHS   FROM   EACH   OTHEB. 

Proceed  as  in  9.  The  magnesia  is  precipitated  from  the  filtrate  20 
with  phosphate  of  soda.  The  piecipitat^d  earbonat43s  of  the  bafyta, 
strontiii,  and  lime,  are  dissolved  in  hydrochloiic  acid,  ttnd  the  baaea 
Bepartacd  a«  directed  in  21-  ^^^  traces  of  magnesia,  which  may  be 
present  in  the  carbonate  of  ammonia  precipitate,  are  obtained  by  eva- 
porating the  filtrate  from  the  Bulpkat'e  of  strontia  or  lime  to  dryneaii 
taking  up  the  residue  with  water  and  precipitating  the  solution  with 
phosphate  of  soda  and  ammonia. 


B.   Special  3Iethod^. 

1.  Methods  based   npon  the  InsduhUity  of    Silicojiuoride  of 

Jianum. 
Baryta  fuom  Stroktia  Ain>  from  Lime. 
Mix  the  neutral  or  slightly  acid  eolution  with  hydroflnosilicic  acid  ^21 

*  Pogg.  Annal.  104,  482,  f  Vierteljahn»chrift  f,  prakt,  Fharm.  8»  Ut 

I  If  not  kept  in  a  gutta-percha  bottle  it  should  be  fieshly  prepared. 


§  154.1 
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in  exoeaSf  add  a  volume  of  spirit  of  wine  equal  or  somewhat 
inferior  to  tliat  of  the  flniil  (H.  Rose),  let  the  mixture  stand  twelve 
houra^  collect  the  prei^ipitut-e  of  siiicoJiuoTifle  of  bai'iujn  on  a 
weijajhecl  filter,  wash  with  a  mixture  of  equal  part^  of  water  and 
spirit  of  "^^-ine,  until  the  washings  cease  to  show  even  the  least  titice 
of  acid  reaction  (but  no  longer),  and  dry  at  10(P,  Precipitate  the 
strontia  or  lime  from  the  filtrate  by  dilute  sulphuric  acid  (§  102,  1, 
o^  and  §  lOH,  1,  a),  Tbe  renults  are  satisfactory .  For  the  pro- 
perties of  ailicoHuoiide  of  bannni,  see  §  71.  If  both  strontia  and 
lime  are  present,  the  «ul[jhatea  are  weigh etl,  convei'ted  inU)  car- 
bonates (§  132,  II,,  6),  and  the  two  bases  tiien  Be]>arated  aa  directed 
in  31 

2.  Mtthodjt  ha^ed  upfrn  the  IrwolnhUiti/  of  S^dpJuite  of  J^aryid^ 

or  SnlpfmU  of  IStrontia^  as  the  case  n^ay  be^  in  water  and 
in  Solution  of  I/ypostUphite  of  Soda, 

a.  Bakyta  akd  Strontia  prom  Magnesia. 

cipitate  the  baryta  and  sirontia  with  sulphuric  acid  (§  101,  1,22 
"^  102, 1,  a),  and  the  maj^ieaia  from  the  filtrate  with  phoBphate 
i  and  ammonia  (§  104,  2). 

h,    BaJSTTA  FROII   Lt»£, 

Mix  the  solution  with  hydrochloric  acid,  then  with  highly  dilute  28 
■ulphtiric  acid  (I  part  acid  to  300  water),  as  long  aa  a  precipitate 
Ibrms ;  allow  to  deposit,  and  deti^rniine  the  sulphate*  of  baryta  as 
directed  in  g  101,  1,  a.  Concf^ntrate  the  washiu|^8  by  evaporation^ 
and  add  them  to  the  filtnite,  neutralijie  the  acid  with  ammonia,  and 
precipitate  the  Hmeas  oxalate  (§  103,  2,  />,«).  Tlie  method  is  prin- 
cipally to  be  recommended  when  small  quantities  of  baryta  have  to 
be  aepai-ated  from  much  lime.  If  wo  have  to  separate  sulphate  of 
lime  from  sulphate  of  baryta  the  salts  may  (in  the  absence  of  fi-ee 
acidh)  be  treated  repeatedly  with  a  solution  of  hyposulphite  of  soda 
tie  heat.  The  sulphate  of  baryta  remains  undissolved,  the 
of  lime  dissolves*  The  lime  k  precipitated  from  the  filtrate 
ite  of  ammonia  (Dieiil*). 

3.  Jifethcd  based  upon  llie  dijff*rent  drportmeni  with  Carbonated 
Alkalies  of  Sidphate  of  liart/tu  on  the  oris  hand^  and 
SidphaU9  of  SProtUia  and  Lirm  <w»  tl^e  oUi^sr. 

TA  FROSI  STRONTU  AND  LIME. 

the  precipitated  sulphatea  of  the  three  bases  for  twelve  24 
liours,  at  the  common  temj^erature  (15 — 20^),  witli  fre<^uerit  stiiTing, 
with  a  solution  of  carbonate  of  ammonia,  decant  the  flui'i  on  to  a 
filter,  treat  the  residue  repeatedly  in  the  same  way,  wash  finally  wii^h 
water,  and  in  the  still  moist  precipitate,  separatrO  the  unde  com  posed 
sulphate  of  baryta  by  means  of  cold  dilute  hydrochloric  acid  from 
the  carbonates  of  strontia  and  lime  formed.  To  hasten  the  separa- 
tion you  may  boil  the  sulplmtes  for  some  time  with  a  solution  of 
carbonate  of  potassa  (not  soda),  to  which  ^  the  amount  of  tlie  car- 
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bonate,  or  more,  of  sulphate  of  po 
process  also  the  sulphates  of  gtrori< 
sulphate  of  baryta  remaining  uoac 
tion,  the  above  solution  of  carbor 
added  in  excess  at  once,  and  the  wli 
sisting  of  sulphate  of  baryUi  nm\  c 
to  be  treated  as  above  with,  cold  by* 

4.  Method  based  on  tJw  In§oi 

Alcohol, 

[Lime  from  Magnesia. 

a.  Evaporate  the  hydrocLlorio   » 
the  residue  with  strong  alecjhol  uit 
solution  a  slight  excess  of  li^tieent 
several  hours.     The  precipitiit-e,  e^ ' 
the  magnesia  as  sulphat^,  ih   bra 
strong,  nearly  absolute,  alcohol  an 
washings  cease  to  react  acid  to  test 
removed,  continue  the  waslilng  w 
long  as  any  solid  matters  ait^  tixtr* 
filter  and  is  weighed  as  snlphat^ 
filtrate  and  washings,  from  wbich| 
it  is  thrown  down  as  ammonio-p 

CmZYNSKlf).] 

h.  Small  quantities  of  Li!*^  \ 
the  bases  into  neutral  sulphates,  d* 
alcohol  with   constant  stin-ing,  till 
produced.     Wait  a  few  houra  and 
sulphate  of  lime  with  alcohi^l,  whio 
volume  of  water,  and  deteniiine  it  i 
the  weigh(5d   siili)hate  must  he 
precipitate  in  water  contaiiiing 
lime    from   the   small  quantity  of  \ 
according  to  29  (Sc^heererJ). 

[o.  In  presence  of  phosphoric  ac 
acid  solution  to  dryness,  add  strong  a 
rately  strong  sulphuric  acid,  ami  trea. 
as  pure  sulphate.  The  filtratf^ij  afte 
divided  into  two  portions.  In  one  j 
tion  of  chloride  of  ammoniiim,  am 
(§  104,  2);  from  the  othc^r  throw  do> 
magnesia  solution  (§  134,  h^  a).] 

5.  Method  based  on  tli^.  Tnsolubi 

Solution  of  Sulphate  of  A 

Strontia  from  Lime.    If  the  mii 

smallest  quantity  of  water,  adtl  abou 

substance  of  sulphate  of  ammonia  di^ 

of  water,  and  either  boil  for  some  tinii^^^HBi^MHff"iut>  water  that 
evaporates  and  addition  of  a  very  little  ammonia  {m  the  Bolution  of 
sulphate  of  ammonia  becomes  acid  on  boiling),  or  allow  to  stand  at 

*  Fogg.  Annal.  xcv.  286,  299,  427.  f  Fres.  Zeitachrlft,  iv.  34a 

t  AnnaL  d.  Chem.  u.  Pharm.  110,  237. 
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llie  ordinary  temperature  for  twelve  liourB,     Filter  and  wash  the  pre- 

te,  which  coni^ists  of  sulphate  of  strontia  and  a  little  sulphate  of 
itia  and  ammoma  ^^ith  a  couci^ntrat^d  Rohitioii  of  sulphate  of  am- 
till  the  washings  reinaiii  clear  on  addition  of  oxalate  of  am- 
Bumia.      The  precipitate  is  cautiougly  ignited,  moistened  with  a  little 
dilnte  sidphuric  acid  {to  concert  the  small  quautity  of  sulphide  of 
ttrnntium  into  aulphat^?),  and  weighed.     Tlie  higlily  dilute  tiltrate  is 
'^ited  with  oxalate  of  ammonia,  and  the  lime  detenniued  ao- 
;  to  §  1(13,  2^  b^  a.     If  you  have  the  solid  sulphates  to  analyze, 
'  very  finely  jiowdered  and  hoiled  with  concentrated  solution 
".  I      ./  ijiteof  ammoiua  with  renewal  of  the  evaporated  water  and  addi- 
tion of  a  little  ammonia,       Kesultit  vei*v  clos*?,  e,q.^  I  048  SK>,  NO^ 
Instil  of  1*053,  and  0-497  CaU,  CO^,  instead  of '0504  (H.Rose*). 

C*  Mnthcds  bctsed  upon  the  Iiiaoluhility  of  Oxalate  of  Lime  in 
CMoride  of  ArsFvmonium  and  in  A^cetic  Acid, 

Lime  from  Magnesia. 

a,  Mix  the  properly  diluted  solution  with  sufficient  chloride  of  am-  20 
monium  to  prevent  tlie  formation  of  a  precipitate  by  ammonia,  which 
la  added  in  slight  exce«a ;  and  oxalate  of  ammonia  as  long  as  a  pre<ji- 
pitate  fonoH,  then  a  furtlier  portion  of  the  same  reagent,  about  suM- 
cient  to  convert  tlie  magnesia  also  into  ojcalat^e  (which  remains  in  solu- 
tion). This  exccHa  is  absolutely  indiHpenstible  to  insure  complete  precijv 
ito-tion  of  the  lime,  aa  oxalate  of  huie  is  slightly  soluble  in  sohition  of 
chloride  of  magneaium  not  mixed  with  oxalate  of  ammonia  (Expt* 
No.  92).  Let  the  mixture  stand  twelve  hours  in  a  moderately  warm 
pbice,  decant  the  supernatant  clear  fluid,  as  far  as  practicable,  fi-om 
the  precipitated  oxalate  of  lime,  mixed  mth  a  little  oxalate  of  mag- 
DCfiia^  on  to  a  filter,  wash  the  precipitate  once  in  the  same  way  by  de- 
eantaticm,  then  dissolve  in  liydrochloric  acid,  add  water,  tben  ammo- 
nia  In  sUght  excess,  and  a  little  oxalate  of  ammonia.  Let  the  fluid 
siaud  until  the  precipitate  has  completely  subsided,  then  pour  on  to 
the  pr»*vii>us  filt-er,  ti-ansfer  the  pncipitate  finally  to  the  hitter,  and 
proceed  exactly  as  directed  g  lOH,  2,  h^  a,  Tlie  first  filtrate  contains 
1^  larger  portion  of  the  magnesia,  the  second  the  remainder,  Evap 
^Hple  the  si^cond  filtrate,  acidifietl  with  liydrochloric  acid,  to  a  small 
pSMiitni^   tljen  mix  the  two  fluids,  and  precipitate  the  magnesia  with 


ite  of  soda  as  directed  §  104, 


If  the  quantity  of  ammonia 


^-*iin  ^iieseut  is  considenible,  the  estimation  of  the  magnesia  is  ren- 
df^red  more  accurato  by  evaporating  the  fluids,  in  a  large  platinum  or 
tdlver  dish,!  to  dryness,  and  igniting  the  residuary  saline  mass,  in 
snuvU  portions  at  a  time,  in  a  smaller  platinum  dish,  until  the  ammo- 
nia salts  are  expelled.  The  residue  is  then  treated  with  hydrochloric 
«cid  and  water,  heat  applied,  the  fluid  filte^retl  J  and  finally  precipitated 
with  anunonia  and  phosphate  of  ao<la. 

Numerous  experiniejits  have  convinced  me  that  this  method,  which 
is  8i:>  fn?qucntly  employed,  gives  accurate  results  only  if  the  foregoing 
imst  met  ions  are  strictly  compKed  with.      It  is  only  in  cases  where  the 


•  Pogg.  Annal.  110,  306^ 

!A  poroelAiQ  dish  does  not  answer  eo  weU  f eee  Expi  No«  d)« 
If  the  process  of  evaporation  hia  been  oonduoted  in  a  aUter  veesel,  a  little 
ohioiide  of  ■Over  will  often  separate. 
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bonate,  or  more,  of  sulplmte  of  pot^iasa  hm  been  added*  Bj  Uiis 
process  also  the  sulphates  of  strontia  atid  lime  are  decompoded,  the 
sulphate  of  baryta  remaimng  unacted  oiv.  If  the  bases  are  in  solu- 
tion, the  above  solution  of  carbonate  and  sulphate  of  potaiiiia  it 
added  in  excess  at  once,  and  the  whole  boiltnl.  The  precipit4^te,  coo- 
sisting  of  sulphate  of  baryta  and  carbonates  of  strontia  and  limei,  is 
to  be  treated  as  above  wi^  cold  hydrochloric  acid  (H.  Hose  *). 

4.  Method  based  an  the  Insolubility  of  SulplmU  of  Z.im«  in 

A-lcohoL 

[Lime  from  Magnesia* 

n.  Evaporate  the  hydrochloric  solution  nearly  to  dryness,  ti^at26 
the  residue  with  strong  alcohol  tin  til  it  i^  dissolved.  Add  t-o  the 
solution  a  slight  excess  of  concentrated  sulphuric  acid  and  let  stand 
several  hours.  The  precipitate,  containing  all  the  lime  and  some  of 
the  magnesia  as  sulpbates,  is  transff^rrtnl  to  a  filter  with  the  aid  of 
strong,  nearly  absolute,  alcohol  and  wrt-shed  with  the  same  until  the 
washings  cease  to  react  acid  to  test  paper.  After  all  free  acid  is  thus 
removed,  continue  the  wiishing  with  alcohol  of  35 — -40  per  cent,  as 
long  as  any  solid  matters  ai-e  extract*.^d.  The  lime  all  remains  on  the 
lilter  aiid  is  weighed  as  sulphate,  the  magnesia  is  all  found  in  the 
filtrate  and  washings^  from  which,  after  evaporating  off  the  alcohol, 
it  is  thrown  down  as  ammonio-phosphate.  Excellent  method  (A* 
CmzrNBKit)'] 

h,  Smau.  QUANTiTiKS  OP  LiME  FROM  MITCH  Maokesia.  Convert  Jj 
the  bases  into  neutral  sulphates,  dissolve  the  mass  in  water,  and  add 
alcohol  with  constant  stirring^  till  a  slight  permanent  turbidity  is 
protluced.  Wait  a  few  hours  and  then  filter,  wash  the  precipitat4»d 
sulphate  of  lime  with  alcohol,  which  has  been  diluted  with  an  equal 
volume  of  water,  and  detennine  it  after  §  103,  1,  a  (in  which  case 
the  weighed  sulphate  must  be  tested  for  magnesia),  or  dissolve  the 
precipitate  in  water  containing  hydrochloric  acid  and  separate  the 
lime  from  the  small  quantity  of  magnesia  possibly  ooprecipitated 
according  to  20  (BtTiEEHERt). 

[f.  In  presence  of  phosphoric  acid,  evaporate  the  hydrochloric  87 
acid  solution  to  dryness,  add  strong  alcohol  to  the  residue,  then  mode- 
rately strong  sulphuric  acid,  and  treat  as  in  a.  The  lime  is  separated 
as  pure  sulphate,  Tlie  filtrate,  after  evaporating  of  the  alcohol,  i* 
divided  into  two  portions.  In  one  magnesia  is  precipitated  by  addi- 
tion of  chloride  of  ammonium,  anunonia,  and  pho8j)hate  of  soda 
(§  104,  2);  from  the  other  throw  down  phoftphoric  acid  by  means  of 
magnesia  solution  (§  134,  6,  a).] 

5.  Methfid  humd  on  thf.  Jnsolubility  of  SulphaU  of  Slrontia  in 

iSoluiian  of  Su^phafs  of  Amnumia, 
Strontia  from  Lime.  If  the  mixture  is  soluble,  dissolve  in  the $8 
Bmalleat  quantity  of  water,  add  about  50  times  the  quantity  of  the 
Bubatance  of  sulphate  of  ammonia  dissolved  in  four  times  its  weight 
of  water,  and  either  boil  for  some  time  with  renewal  of  the  water  that 
evaporates  and  adtlition  of  a  very  little  ammonia  (as  the  solution  of 
sulphate  of  ammonia  becomes  acid  on  boiling),  or  allow  to  stand  at 

♦  Pogg.  Anual.  xov.  286,  2tJfi,  427.  f  Prea  Zeitsdmf^  it,  84& 

t  Annal.  d.  Chem.  VL  Pharm,  tlO,  237. 
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[tlie  ordinary  temperature  for  twelve  hours.  Filter  and  wash  the  pre- 
cipitate, which  coiisists  of  sulphate  of  strontia  and  a  little  sulphate  of 
Itrontia  and  ammonia  with  a  coucentrated  sohition  of  sulphate  of  am- 
maDia  till  the  washings  remain  clear  on  adtlition  of  oxalate  of  am- 
Snoma.  The  precipitate  is  csautiously  iguifced,  moistened  with  a  little 
dilute  sulphuric  acid  (to  convert  the  small  quantity  of  sulphide  of 
Vtrontiuni  into  sulphate)^  and  weighed.  The  highly  dilute  filtnite  is 
precipitated  with  oxalate  of  anmioniaj  and  the  lime  determined  ac- 
tording  to  §  103,  2,  b^  a.  If  you  have  the  solid  sulphates  tt>  analyze, 
they  are  very  finely  powdereil  and  bf>ile<i  ^^th  concentratefl  solution 
of  sul])lmteof  ammouia  with  renewal  of  the  evaporated  water  and  addi- 
tiun  of  a  little  ammoiiia.  ReaultB  very  close,  e.f/.,  l'U48  SrO,  NOo 
iustaad  of  1'053,  and  0'497  CaO,  CO.,  instead  of' 0-5  04  (H.Kose*). 

6,  Mdhods  baaed  upon  ths  InsohihUiii/  of  OasalaU  of  J,ime  m 
Chloride  of  Ammonium  and  in  Aeeiic  Acid* 

Lilts  FROM  MaGNTCSIA. 

a.  Ikfix  the  properly  tUluted  solution  with  sufficient  chloride  of  am-  29 
Bionium  to  prevent  the  formation  of  a  precipitate  by  ammonia,  which 
ill  added  in  alight  excess ;  and  oxalate  of  ammonia  tis  long  as  a  preci- 
pitate forms,  then  a  farther  portion  of  the  same  rtiagent,  about  suffi- 
cient to  con%"ert  the  magne-sia  also  into  oxalate  (which  remains  in  solu- 
tion). This  excess  is  absolutely  indispensable  to  insure  complete  precijv 
itation  of  the  lime,  as  oxalate  of  lime  is  slightly  soluble  in  solution  of 
chloride  of  nmgncfiium  not  mixed  with  oxalate  of  aiimionia  (Expt. 
l^o,  92).  Ijet  the  mixture  stand  twelve  hours  in  a  modertitely  warm 
place,  decant  the  supernatant  clear  fluid,  as  far  as  practiciible,  from 
the  precipitated  oxalatei  of  lime,  mixed  with  a  Uttle  oxalate  of  mag- 
lieau^  ou  to  a  filter,  wash  the  precipitate  once  in  the  same  way  by  de- 
eantation,  then  dissolve  in  hydrochloric  acid,  aild  water,  then  annnc> 
SUA  in  slight  excess,  and  a  little  oxalate  of  ammonia.  Let  the  fluid 
stand  until  the  precipitate  has  completely  subsided,  then  pour  on  to 
the  previous  filter,  tnLusfer  the  precipitate  finally  to  the  latter,  and 
{proceed  exactly  as  directed  g  KKI,  2,  i,  a.  The  firet  filtrate  containa 
the  lArger  portion  of  the  magnesia,  the  second  the  remainder.  Evap- 
orate the  sfcond  filtrate,  acidified  with  hydrochloric  acid,  to  a  small 
volume,  then  mLx  the  two  fluids,  and  pre<;dpitate  tlie  magnesia  with 
[phosphate  of  soda  as  directed  §  104,  2.  If  the  < quantity  of  ammonia 
Baits  present  Ls  eonaiderable,  the  eHtimation  of  the  magnesia  is  ren- 
dared  more  accurate  by  evaporating  the  fluidn,  in  a  large  platinum  or 
silver  dish,f  to  dryness,  and  igniting  the  residuary  saline  mass,  la 
imall  portions  at  a  time,  in  a  smaller  platinum  dish,  until  the  ammo- 
(fiia  salts  are  expelled.  The  residue  m  then  treated  with  hydrochloric 
|Scid  and  water,  he-at  applied,  the  fluid  filtered  J  and  finally  precipitated 
iritli  ammonia  and  phosphate  of  soda. 

Numerous  experiments  have  cou%inced  me  that  this  method,  which 
lis  so  frequently  employed,  gives  accurate  results  otdy  if  the  foregoing 
instructions  are  strictly  complied  with.      It  is  only  in  cases  where  the 


•  Pogg.  Antuil.  110,  20e. 

th.  poroelain  dish  does  not  answer  so  well  (see  Kxpt  No,  3). 
If  the  prooe«s  of  evaporation  has  been  cx)adiicted  in  a  silver  vessel,  a  little 
diloride  of  silver  will  often  separate. 
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quantity  of  mjignesia  prej^nt  is  relatively  small,  that  a  single  pr«ci{i|- 
tation  with  oxalate  of  ammonia  may  be  found  suffieient  (oomp,  ^^^ 
Ko.  03). 

6.  In  the  case  of  lime  and  magnesia  combined  with  phostphoricj 
acid,  dissolvft  in  thfj  least  possible  quantity  of  hydrochloric  acid,  ndd 
ammonia  until  a  copious  preci pittite  foi-ms  ;  redissolve  this  by  addi- 
tion of  acetic  acid,  and  precipitate  the  lime  from  the  solution  with 
an  excess  of  oxalate  of  amniotiia.  To  determine  tlie  magnesda,  pre^ 
cipitate  the  filtrate  with  ammonia  and  phosphate  of  soda.  Ab  tree 
acetic  acid  by  no  means  prevents  the  precipitation  of  small  quantities 
of  oxalate  of  magnesia,  the  precipitate  containa  some  magnesia,  and, 
ai  oxalate  of  lime  is  not  quite  insoluble  in  acetic  acid,  the  filtrate 
contains  some  lime ;  thf  se  two  sources  of  error  comp»3nsate  each  other 
in  some  measure,  In  accurate  analyses,  however,  these  trifling  admix- 
tures of  magnesia  and  lime  ai-e  afterwards  separated  from  the  weighed 
preci}>itiites  of  carbouate  of  lime  and  pyrophosphate  of  tnngnewa  re- 
spectively, 

7.  Indirect  Met/iod, 

Stroktia  from  Lime. 

Determine  both  bases  first  aa  carbonates,  precipitating  them  eithSl 
with  carbonate  or  with  oxalate  of  ammonia  (§§  102,  103) ;  theji  esti- 
mate the  amount  of  carbonic  acid  in  them,  and  calculate  the  amoimt 
of  strontia  and  of  lime  as  directed  in  §  197.  The  determination  of 
the  carbonic  acid  may  be  e fleeted  by  fusion  with  vitrified  borax 
(§  139,  II.,  c),  but  the  application  of  a  moderate  white  heat,  such  as 
ia  given  by  a  good  gus  bkbt-Iauip  without  the  use  of  a  crucible  jacket, 
is  alone  sufficient  to  drive  out  all  the  carbonic  acid  from  both  the 
carbonates  (F.  G,  Schaffgotsch  *).  I  can  strongly  recommend  this 
method.  It  ia  well  to  precipitate  the  carbonates  hot,  to  press  the  pre- 
cipitate cautiously  down  in  the  platinum  crucible  and  turn  over  the 
agglomerat43fl  cake  every  now  and  then  till,  after  repeated  ignition^ 
the  weight  has  become  constant  The  results  are  good,  if  neither  of 
the  bases  is  present  in  t<Jo  minute  quantity. 

The  indii-ect  separation  may  of  course  be  effected  by  means  of  32 
other  salts^  and  c^in  be  used  also  for  the  determination  of  limb  nc 

PBE8BNCE  OF  BARYTA  orof  BARYTA  IN  PRESENCE  OF  STRONTIA,   In  th© 

expultiion  of  carbonic  acid  from  carbonate  of  baryta  vitrified  borax 
must  be  used  (§  139, 11.,  c). 


THIRB    GROUF* 


Alumina — Sesquioxibs  op  Chromium. 

L  Bepajlation  of  the  Oxides  of  tee  Third  Group  fro 
THE  Aleaues. 


§  155. 
h  Froh  Ammonia. 
a.    Baits   of  alumina  and  of  sesquioxide   of  c^romiaxn  may 
separated  from  salts  of  ararnonia  by  ignition.      However,  in 
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eaae  of  ftlumizm^  thia  method  is  appUcable  only  in  the  absence  of 
chlorine  (^volatilizalion  of  cliloritle  of  alumimum).  The  safest  way, 
therefoi^^  is  to  mix  the  compound  with  carbonate  of  soda  before 
Igniting. 

6.  Determine  the  arnmoniaby  one  of  the  methods  given  in  8  99,  3,34 
using  solution  of  potaasa  or  aoda  to  effect  the  expulsion  of  the  am- 
monia.    The  ahmiina  and  sesquioxide  of  chromium  are  then  deter- 
mined in  the  residue  in  the  same  way  as  in  36* 

2,    FttOM  POTASSA  AK1>  SoDA. 

a.  Precipitate  and  detei-niine  the  sesquioxide  of  chromium  and  35 
alumina  as  ditxHited  in  §  Ktn,  «,  and  g  106,  a.     The  filtnite  contains 
the  alkidies,  which  ai-e  then  frt?eil  frojii  the  salt  of  ammonia  formed, 
by  evaporation  to  dryneas  and  igtiitioiu 

fc*  Aluminu  may  be  separated  also  from  potassa  and  soda,  by  beat-  36 
ing  the  nitrates  (see  38)> 

IL  Sefahatiok  of  thb  Oxibes  of  the  Third  Group  fbom  the 
Alkamnk  Earths. 


§  15G. 


W  Sepabation  op  Aluhtka  from  thb  Alkaline  Earthe 

^^K     A.  G^Tteml  Methods. 
^MThk  whole  of  the  Alkaline  Eaiiths  fbom  Alumina. 


TiuUt.  : — The  Noe.  refer  to  those  in  the  maiB^in, 
Alumina  from  baryta,  37,  42.  43. 
gtmntia,  37,  45,  43, 
Ime,  37,  42,  44,  45,  46. 
**        ma^esia,  37,  42,  45,  4H, 
Sii^uioeBide  qf  ehrwnium  from  the  aLkaliae  earths^  47,  48L 


1. 


Prucipitation  of 
Soda, 


Alumina  by  Afmnonia^  and  its  Soluticm  m 


Blix  the  moderately  dilute  hot  uolution  (prt^ferahly  in  a  platinum  37 
dish)  with  a  Udorable  quantity  of  chloride  of  ammotiium,  if  such  be  not 
mlready  present,  add  ammonia  in  moderate  excess,  and  boil  till  no 
more  free  ammonia  is  ob8ei'\'abie.  Under  thoKe  circumstances,  a  little 
magnesia,  and  also  a  small  quantity  of  carbonate  of  lime,  baryta,  or 
atrontia  are  at  fii*st  precipitated  along  with  the  alumina ;  on  the  boib 
ing  with  chloride  of  ammonium,  the  coprecipitated  alkaline  earths  re- 

Jiisolve,  so  that  the  alumina  finally  retains  only  an  unweighable  or 
^^Brcely  wieighable  trace  of  magnesia.     Allow  to  deposit,  and  proceed 

Vmh  the  alumina  detei-mination  according  to  §  105,  a.  After  it  haa 
been  weighed  fuse  it  for  a  long  time  with  bisulphate  of  potassa,  dia- 
aolve  the  fused  mass  in  water,  and  determine  any  silicic  acid  ^  that 
may  remain.  The  sotutton,  when  mixed  with  potasaa  in  excess,  will 
not  appear  perfectly  clear,  but  will  contain  a  few  flocks  of  magnesia. 
If  there  i«  any  amount  of  the  latter,  filter  it  off,  dissolve  in  nitric  acid, 
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,  boil  tUl  the  fluid 


» smell  of  I 
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precipitate  with  ammoniA,  t>oil  till  the  Huid  cesses  to  smell  of  ma- 
monia,  filter,  evaporate  the  small  quantity  of  fluid  in  »  platinum  cap 
sule,  ignite,  weigh  the  residual  magnesia,  deduct  it  from  the  alumina 
and  add  it,  on  the  other  hand,  to  the  principal  quantity  of  the  mag- 
nesia. In  order  to  the  further  separation  of  the  alkaline  earthB, 
ttfidify  the  fluid  containing  them  with  hydrochloric  acid,  eTaporate 
(preferably  in  a  platinum  dish)  to  a  small  bulk,  and  while  still  warm 
add  ammonia  just  in  excess^  A  small  precipitate  of  alumina  is  »ome- 
times  formed  at  this  stage ;  Alter  oif,  wash  and  weigh  mth  the  prin- 
cipal precipitate.  In  the  filtrate  determine  the  alkaline  earths  ac- 
cording to  §  154, 

2.  Uiieqfud  Decompogahitity  of  the  NitrcU^Jt  cU  a  ^lod^eraU  Hhai 

(Deville*), 
To  make  this  simple  and  conTenient  method  applicable,  the  bases  \ 
must  l>e  present  as  pure  nitrates.  Evaporate  to  dOyness  in  a  plati- 
num dish,  and  heat  grathially,  with  the  cover  on,  in  the  sand-  or  air- 
batli — or,  better  sti!!,  on  a  thick  iron  disk,  with  two  cavities,  one  for 
the  platitiiim  dish,  the  other,  tilled  with  brass  filings,  for  the  thermo 
meter ^ — to  from  200^  to  250°,  until  a  glass  rod  moistened  with  am- 
monia ceases  to  indicate  further  evolution  of  nitric  acid  fumes,  Vou 
may  also,  without  risk,  continue  to  heat  until  nitrous  acid  vai>0Ri 
form.  The  residue  consista  of  alumina,  nitrates  of  baryta,  atrontia, 
and  lime,  aud  nitrate  and  basic  nitrate  of  magnesia. 

Moisten  the  mass  with  a  concentrated  solution  of  nitrate  of  am- 
monia, and  heat  gently,  but  do  not  evaporate  to  dryness.  Repeat  this 
operation  until  nofui-tber  evolution  of  ammonia  is  perceptible.  (The 
basic  nitrate  of  magnesia,  insoluble  in  water,  dissolves  in  nitrate  of 
auimonifi,  with  evolution  of  ammonia,  as  neutral  niti-ate  of  magnesia.) 
Aiid  water,  and  digest  at  a  gentle  heat. 

If  the  nitrate  of  ammonia  has  evolved  only  imperceptible 

traces  of  ammonia,  pour  hot  water  into  the  dish,  stir,  and  add  a 

drop  of  diluto  annnoiiia;  thk  must  cause  no  tiirbidity  in  the 

fluid  ;  should  the  tluid  become  turbid,  this  proves  that  the  heat^ 

ing  of  the  nitrates  baa  not  been  continued  long  enough  ;  in  which 

case  you  must  agton  evaporate  the  contents  of  the  dish,  and  heat 

once  moi-e. 

The  alumina  remains  undissolved  in  the  form  of  a  dense  granular 

substance.      Decant  after  digestion,  and  wash  with  boiling  water ; 

ignite  strongly  in  the  same  vessel  in  which  the  sejMiration  has  beeu 

eflected,  and  weigh,     8c^pfirate  the  alkaEne  earths  as  directed  §  164. 

In  the  same  way  alumina  may  be  sej>arated  also  from  potassa  and 

aoda.  fl 

3,  Method  in  whi^jh  the  processes  of  1  and  3  me  combined. 
Precipitate  the  alumina  as  in  37»  "w-ash  in  the  same  way  as  there  39 

directed,  then  treat  while  still  moist  with  nitric  acid,  and  proceed  ac- 
cording to  38  to  remove  the  trifling  amount  of  magnesia,  dtc,  copreci- 
pitated ;  add  the  solution  obtaiiued  to  the  principal  solution  of  the 
alkaline  earths,  and  treat  the  Huid  as  directed  in  87*  This  method 
may  be  employed  also  in  the  case  of  chlorides ;  it  will  be  sometimeB 
found  usefuh 


'  Jonzn.  t  prakt  Chem.  1858,  ftO,  9. 
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4.  JPr^pUation  of  Alumina  h%f  Acetate  or  FormiaU  of  Soda 
upon  boilmg. 

The  same  process  as  for  the  separation  of  sesquioxide  of  iron  from  40 
the  alkaline  e>irtLs.     Tiie  method  is  employed  more  particularly  when 
lK>tb  alumina  and  sestjiiioxide  of  iron  have  to  be  separated  fromaik^ 
line  earths  at  the  same  time  (g  113,  1,  d), 

5.  PrecipiUUioH  of  Alumina  by  Succinate  of  Aim/wnia. 
Proce^sd  as  for  the  precipitation  of  aesqiiioxide  of  iron  bj  the  same  41 

reagent  (|  113,  1,  c) ;  especially  to  be  employed,  when  alumina  and 
leaquobdae  of  iron  are  both  to  be  separated  from  alkaline  e4u:ths  at 
lie  same  time. 

B,   Special  Methode, 

Some  of  the  Alkaline  Earthb  fhom  Alumina, 

1,  I^recipilattan  of  Mome  of  the  Salts  of  tite  Alkaline  Earil^e, 
a*  Babttta  axp  Strontia  from  Alumina. 

Precipitate  the  baryta  and  strontia  with  rtflpkurir  fin<i  (g|  10143 
iJ  102)^and  the  alnminafrom  the  filtrate  aa  directed  §  lOiV,  a.     This 
etbod  is  esjieeially  suited  for  the  separation  of  baryta  from  alumina. 

b,  LiMC  FiioM  Alumina. 

4d  ammonia  to  the  solution  untO  a  permanent  precipittite  formB,  44 
iCTi  acetic  acid  until  thia  precipitate  \»  redisaolved,  then  acetate  of 
monia,  nnd  finally  oxalate  of  ammonia  in  slight  excess  (§  103,  2, 
0)  ;  allow  the  precipitated  oxalate  of  lime  to  dej>osit  in  the  cold, 
en  filter,  and  precipitate  the  alumina  from  the  filtrate  as  directed 
105,  (I,  In  presence  of  oxalate  of  ammonia,  alumina  requires  some 
ime  for  precipitation  {Pisani). 

a  Magnesia  and  small  quantities  of  Lime  from  Alumina. 
Mix  with  some  tartaric  acid,  supersaturate  with  ammonia  and  45 
m  the  clear  fluid  (in  the  presence  of  enough  ahmiina  no  tartrate  of 
ime  is  precipitated)  precipitate  first  the  lime  by  oxalate  of  ammonia, 
then   the  majjnesia  by  phosphate  of  soda.     If  the  alumina  is  to  be 
etermined  in  the  filtrate,  the  latter  must  he  evaporated  with  addi- 
ftion  of  carbonate  of  soda  and  nitre  to  dryness,  the  residue  ignited, 
ioftened  ^Hth  water,  dissolved  in  hydrochloric  acid  (not  in  the  pla- 
um   dish),  and  the   alumina  precipitated  by  ammonia,     llae  am- 
lonio-pbosphate  of  magnesia  which  may  contain  basic  tartrate   of 
lesia  is  to  be  dissolved  in  hydrochloric  acid,  reprecipitated  with 
imonia,  then  dried  and  weighed.     [Not  applicable  when  alumina 
present  in  large  proportion,  since  alumina  saltt^  dissolve  ammonio* 
^hoflphate  of  magnesia  (Knapp).] 

2.  Prtcipilation  of  Alumina  by  Carbonate  of  Haryta. 
Alitmika  from  Magnesia,  and  small  quantities  of  Lime, 

Mix   the  slightly  acid  dilute  Huid  in  a  flask,  with  carbonate  of  46 
baryta  (shaken  up  with  water),  in  moderate  excess  ;  cork   the  0ask 
aud   let   the   mixture  stand  in  the  cold  until  the  hydrated  alumina 
Ikas  subsided,  wash  by  decantation  three  times,  filter,  jmd  then  de- 
termine the  alumina  in  the  precipitate  as  dun&cted  43 ;  in  the  fil- 
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irmid,  first  precipitate   the  baiyta  hj  sulphuric  acitj  (23))  s^*^  then 
aeparate  the  lime  and  ma^e&ia  ikcoording  to  g  154. 

Separation  op  Sesquiojccdb  op  Chromium  from  the  AtSALnns 
Eabths. 

T\ie  best  way  to  effect  the  separation  of  sesquioxide  of  chromium 
from  the  atkatine  earths  at  the  hanie  time,  is  to  convert  the  ses- 
quioxide into  chromic  acid.  For  this  purpose  the  pulverizied  sub- 
Btance  is  mixed  with  2^  parts  of  put*e  carbonata  of  ttoda  and  -J 
parts  of  nitraif  of  potuma^  and  the  mixtur©  heated  in  a  platinum 
crucible  to  fusion.  On  treating  the  fused  mass  with  hot  wat#>r,  the 
chromium  dissolves  as  alkaline  chroniate ;  the  residue  contains  the 
alkaline  earths  as  carbonates,  or  in  the  caustic  stat-e  (m&gnesia)» 
The  chromium  in  the  solution  is  determLQed  as  directed  |  130. 

I  need  hardly  observe  that  sescjuioxide  of  chromium  may  also  be  48 
aeparated  from  baryta  and,  though  less  perfectly,  from  strontia^  hy 
means  of  gvfphuric  acid  added  to  the  acid  solution  of  the  substance. 
Sesquioxide  of  chromium  cannot  be  separated  by  ammonia  from  the 
alkikline  earths,  since,  even  though  carbomc  acid  be  completely  eX' 
eluded,  particles  of  the  alkaline  earths  are  thrown  down  with  the 
sesquioxide  of  chromium.  From  solutions  containing  a  salt  of  ses- 
quioxide of  chromium,  lime  cannot  bi3  precipitated  completely  by 
oxalate  of  ammonia;  but  it  may  be  by  sulphuric  acid  and  aloohol 
(§  103,  1). 
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^d^^ 


a.  Fuse  the  oxides  with  2  parts  by  weight  of  nitrate  of  potassa 
4  parts  of  carbonate  of  soda,  in  a  platinum  crucible,  treat  the  fuawl 
mass  with  boiling  water,  rinse  the  contents  of  the  crucible  into  a 
porcelain  dish  or  be-aker,  add  a  somewhat  large  quantity  of  chlorate 
of  potaasa,  sujKrsaturat^?  slightly  with  hydrochloric  acid,  evaporate  to 
the  consistence  of  syrupy  and  add,  duiingthe  latter  process,  some  more 
chlorate  of  potassa  in  jiortions,  to  remove  the  free  hydrochloric  add. 
Dilute  now  with  water,  and  precipitate  the  alumina  by  carbonate  of 
ammonia  or  ammonia  as  directed  in  §  105,  a.  Tlie  alumina  falls  down 
free  from  sesquioxide  of  chromium.  In  the  tiltrate  the  chromium  is 
detei-mined  as  directed  §  130»  If  you  omit  the  evaporation  with  hydro- 
chloric acid  and  chlomte  of  potassa,  part  of  the  chromic  will  be  reduced 
by  the  nitrous  acid  in  the  fluid,  and  sesquioxide  of  chromium  will 
accordingly,  upon  addition  of  ammonia,  precipitate  with  the  alumina 
(Dexter*). 

6.  Dissolve  the  oxides  in  hydrochloric  acid  [make  the  solution  50 
nearly  neutral  by  carbonate  of  soda,  atJd  acetate  of  soda  in  excess],  and 
saturiite  the  solution  w^ith  chlorine  gas.  The  sesquioxide  of  chromi- 
tim  will  be  converted  into  chromic  acid,  and  the  alumina  partially  sep 
aratcd.  When  the  fluid  has  become  of  a  pure  yellow  color,  hcAt  to 
ppDiove  the  excess  of  chloiine,  add  carbonate  of  ammonia,  and  digest 
to  dt^stroy  the  hypochlorous  acid  and  precipitate  the  still  dissolved 
alumina,  tilter  otf  the  alumina,  and  determine  it  according  to  §  105, 

•  Pogfg.  AnnaL  89,  148L 
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0,  In  the  fluid  the  ctromium  is  determined  according  to  §  130,  I.,  a. 

(WoflLIB,^  [GlBB8]f)- 

FOURTH  GROUP. 

OUDI  of  2IKC — PBOTOXIDE  OF  MANGANESE — PROTOXIDt  OF  ] 
ntOtOXIDE  OF  COBALT — PROTOXIDE  OF  IRON— BK8<JUIOXlM  OW  nU 
(SE8QtTI0X£DE  OF  UBAXIUM). 

I  Separation  of  tob  Oxides  of  the  Fourth  Group  from 
Alkalies. 


§168. 


A.    GenercU  Methods, 


h  All  the  Oxides  of  the  Fourth  Group  from  Ammonia. 

Proce*'d  as  for  the  separation  of  sefM^jnioxide  of  chromium  and  alu-  51 

mini  from  ammonia,  83»     It  must  be  borne  in  mind  that  the  oxides 

of  the  fourth  group  comport  themselves,  upon  ignition  with  chloride 

of  ammonium,  as  follows  :  Seaquioxitle  of  ii-on  is  piirtlj  volatilized  as 

*8qiiichloride  ;  the  oxides  of  manganese  are  convert-ed  into  proto- 

eUoridfi  of  manganese,  eouiaLning  protosesquioxide  of  that  metal  ^  the 

oddei  of  nickel  and  cobalt  are  reduced  to  the  metallic  state ;  oxide  of 

anc  volatilizes,  with  aooess  of  air,  as  chloride  of  zinc  (H.  Bose).     It 

kj  therefore,  generally  the  safest  waj  to  add  carbonate  of  soda.    The 

afflmonia  is  deterniiixed  in  a  separate  portion, 

2.  All  Oxjdes  of  the  Fourth  Group  from  Pot  ass  a  and  Soda, 

Mix  the  solution  in  a  flask  with  chloride  of  ammonium  if  necessary,  62 
idd  ammonia  till  neutral  or  slightly  alkaline,  then  yellow  sulphide  of 
immonium  saturated  with  sulphuretted  hydrogen,  fill  the  flask  nearly 
to  the  top  with  water,  cork  it,  allow^  the  precipitated  Biilphides  to 
nihside,  and  then  filter  thera  otF  from  the  fluid  contmnhig  the  slkar 
lies.  In  performing  this  process  the  precautionary  rules  given  under 
the  heads  of  the  several  metals  in  question  (§§  108 — 113)  must  be 
borne  in  mind.J  (If  notwithstanrling,  the  filtrate  is  brownifih, 
ftddify  it  with  acetic  aciil,  boil  and  filter  off  the  small  quantity  of  the 
Bnlphide  of  nickel  which  then  separates.)  Acidify  the  filtrate  with 
hydrochloric  acid,  evaporate,  filter  ofi"  the  swlphiir,  if  necessary,  con- 
tuse the  evaporation  to  dryness,  ignite  the  residue  to  remove  the 
unmonia  salts,  and  determine  the  alkalies  by  the  methods  given  §152. 

B.  Special  Method4^ 

L  Oxide  of  Zinc  from  Potass  a  and  Soda,  by  precipitating  63 
the  zinc  from  the  solution  of  the  acetates  with  sulphuretted 
hydrogen  (see  p.  181  and  72)* 

3.  Sesqutoxide  or  Iron  from  Potass  a  and  Soda,  by  precipita- 
ting the  sesquioxide  of  iron  with  ammonia ;  or  by  heating  the 
nitratee  (see  38)* 

•  Annal,  d.  Chem.  u.  Pharm  100,  121.         f  Am,  Jour.  Science,  2d  sex.  3D,  59. 
\  Kickel  and  cobalt  may  be  separated  &om  the  alkaliea  also  iu  th«  maimer 
giveii  in  73 
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.  Frotoxidv  of  MAKQJkKirse  from  the  Aucalies. 

a.  Saturate  the  Bolution  with  cJiiorine^  and  precipitate  the 
manganese — as  hyd  rated  sesquioxide— with  carbonate  of 
baryta  or  ammonia.  The  latter  precipitant  is  apt  to  leave 
some  manganese  in  solution  [see  also  61]* 

6.  Heat  the  nitrates  (Deville)  ;  (see  62)- 


If 


n.  Separation  op  the  Oxibea  of  the  Fourth  Group  from 
Alkaxine  Earths. 


§169. 

IndesB  ; — The  Noe.  refer  to  those  in  the  margin. 

GMiofnnc  from  baryta^  strontia^  and  lime,  55 ,  56 ,  57,  63. 

^^  ma^esia,  55^  57. 

Fri4osad4  cf  fnanmme»§  from  baiTta^  strontla,  and  lime,  55^  66|  50 — 

Protoxide  ofm^nganfte  from  magneaia^  55,  59,  ft3. 

Protospidat  of  jiiekil  an4  eobaU  from  baryta,  atrontda,  and  lime,  55, 56, 63. 

''  magnesia,  55. 

6e9quiaxide  of  iron  from  baryta,  strontia,  azid  lime,  55,  56,  56. 
*^  magneaia,  55|  56. 

A.    General  Method. 
All  Oxides  of  the  Foitith  Group  from  the  ALKALiirE  Earths. 

Add  to  the  solution  chloride  of  ammonium,  and,  if  acid,  also  am- 66 
monia,  and  prfKtijiitate  with  sulphide  of  ammoniunj,  bs  in  62-  Take 
care  to  use  slightly  yellow  sulphide  of  ammonium,  perfectly  saturap 
ted  with  8ulphurett4?d  hydrogen,  and  finee  from  carbonate  and  sul- 
phate of  ammonia,  and  to  employ  it  in  sufficient  excess.  Insert  the 
cork,  and  !t?!t  the  flask  Klatui  for  some  time,  to  allow  the  precipitate 
to  subside,  then  wash  quickly,  and  as  far  as  practicable,  out  of  the 
contact  of  air,  vidth  water  to  which  some  sulphide  of  ammonium  has 
been  added.  Acidify  the  filtrate  with  hydrochloric  acid,  heat,  lilter 
from  the  sulphur,  and  sepai'ate  the  alkaline  earths,  as  directed  in 
§154.  If  the  filtrate  is  brownish  from  a  little  dissolved  sulphide  of 
nickel,  acidify  it  vn.l\\  acetic  acid  instead  of  with  hydrochloric  iicid^ 
boil,  and  filter. 

If  the  quantity  of  the  alkaline  earths  is  rather  considerable,  it  is 
advisable  to  treat  the  slightly  washed  precipitate  once  more  witii  hy* 
drochloric  acid  (in  presence  of  nickel  or  cobalt,  it  ia  not  necessary 
to  effect  complete  solution),  heat  the  solution  gently  for  aome  tiiil0| 
and  then  repi-ecipitate  in  the  same  way. 

If  we  have  merely  to  effect  the  removal  of  nickel  and  cobalt,  we 
may  also,  after  addition  of  sulphide  of  ammonium,  acidify  with  acet- 
ic ftci<l,  and  filter.  Cobalt  alone  may  be  separated  a«  follows :  after 
precipitating  the  ammoniacal  sohition  with  sulphide  of  ammonium, 
boil  the  whole  till  the  free  ammonia  has  escaped,  add  a  few  drops  of 
lulphide  of  ammonium  and  ammonia,  and  filter  (H,  Rose*), 
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•  Pogjff.  AimaL  110,  416. 
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B.  Special  MModB. 

L  Bahyta,  Strontia,  and  Lime,  from  the  whole  of  the  Oxtdsb 

OF  THE  Fourth  Ghodp, 

Precipitate  the  baryta  and  strontia  from  the  acid  solution  56 
with  sulphuric  acid  (§§  101  aiid  102),  in  the  presence  of  lime 
add  I — J  volume  of  strong  alcohol  (§  103).    For  baryta  thia 
method  is  preferable  to  all  others, 

2,    OxrDE    OF    ZlXC    FROM   THE   ALKALINE    EaKTHS. 

Convert  the  bases  into  acetates,  and  precipitate  the  zinc  from  fi7 
the  solution  sla  dii'ected  in  §  108,  1,  b, 

5.  Sesquioxide  of  Iron  from  the  Alkaline  Earths, 

a.  Mix  the  somewhat  acid  solution  with  enough  chloride  68 
of  ammomum,  heat  to  boiling,  add  slight  excess  of  am- 
monia, boil,  till  the  excess  of  the  latter  is  expelled,  and  fil- 
ter, ITie  solution  is  free  from  iron,  the  precipitate  is  free 
from  lime,  baryta,  and  strontia,  but  contains  a  very  slight 
trace  of  magueaia  (H.  Rose*). 

b.  Precipitate  the  sesrjuioxide  of  iron  as  basic  acetate  or  for- 
miate  (§  113,  1,  */  [and  §  81,  e]  ),  The  method  is  good 
and  can  fre4:inenily  be  employed. 

<s.  Becompose  the  nitrates  by  heat  (38)- 

4.  Protoxide  of  Makganese  fbom  the  Alkaline  Eabths. 
[  S^>aration  of  ManganeM  cts  Sesquiaande  or  Sinoxide^ 

Schjel's  Method.f — Add  to  the  hydrochloric  acid  solution  car- 59 
bonate  of  soda  until  the  fluid  is  nearly  neutralized,  mix  with  acetate 
of  soda,  dilute  aufliciently,  and  then  condtict  chlorine  gas  into  the 
mixture.  The  acetate  of  protoxide  of  mangimese  is  decomposed,  and 
the  whole  of  the  manganese  sepai-ates  as  bin  oxide.  The  alkaline 
earths  remain  in  solution.  The  solution  is  kept  heated  to  between 
50®  and  00"^,  whilst  the  cblorine  gas  m  tmuHmitted  throwirh  it;  as 
soon  as  the  binoxide  has  separated,  the  tranHruisKion  of  the  gas  is 
stopped.  The  protosesquioxide  of  manganese  obtained  by  the  igni- 
tion of  the  binoxide  ro  produced  contains  alkali.  The  binoxide  must 
therefore  be  dissolved  in  hydrochloric  acid,  and  the  solution  pi'ecipi- 
tated  as  directed  §  109,  3,  Instead  of  chlorine  gas,  solution  of  hy- 
poeldorous  acid  or  of  hypochlorite  of  soda  may  be  used.J  In  using 
the  latter,  care  must  be  taken  to  keep  the  fluid  always  sEghtly  acid 
by  acetic  add.     The  metho*!  ia  good. 

0.  H.  HosEJI  recommends  tr»  mix  the  dilute  solution  with  acetate  00 
of  soda,  heat  and  satunite  with  chlorine  gas,  then  to  the  Euid,  which 
becomes  red  from  the  forniatiou  of  permanganic  acid,  to  add  excess 
of  ammonia  (in  presence  of  much  magnesia,  also  chloride  of  ammoni- 


•  Pogg.  AnnaL  110,  300.  f  SillinL  Joum.  16,  275. 

i  [Bromine  is  the  most  convenient  reagent  to  employ  for  the  above  porpoee.] 
I  Pogg.  Annal.  110,  liOO. 
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tim),  to  boil,  till  all  free  ojnmoTiia  is  expelled,  and  filter  off  the  jin** 
eipitated  senquioxide  of  laanganese,  Th«  manganese  niaj  also  be 
completely  pi-^eiintated  from  a  dilute  eold  fluid  saturated  with  cIiIch 
line  by  means  of  carbaaate  of  baryta* 

[y.  ^Keictharot*  directa  to  add  to  the  Lot  and  dilut-e  hydrocUlor-  61 
io  acid  solution  cMirbouate  of  a*>da  until  a  sliglit  permanent  precipi-       i 
tata  b  formed »  to  rmliMSolve  this  by  the  leaat  necessary  hydrochloric      ^ 
acid,  and  to  a'ld  excess  of  (eryatala  of)  acetate  of  soda.     The  a4^tic 
aolution  thus  obtained  is  heated  just  to  boiling,  and  solution  of  hypo- 
oftdorite  of  scnJia  (procured  by  boiling  good  bleaching  powder  with 
flohition  of  carbonate  of  soda^  using  tb«  latter  in  but  slight  excess)  ia 
«dded  in  sufficient  quantity  with  stirring;     That  enough  hypochlo- 
rite has  Imen  added  is  shown  by  tlie  reddening  and  subsequent  bleach- 
ing of  litmus  paper.     This  test  should  not  be  applied  until  the  hy* 
poehlorite  has  had  a  little  time  to  react  on  the  manganese,     li  the 
acetic  acid  should  be  neutralized  more  must  be  added*     After  a  few 
minutes  filter  and  wash  with  hot  water,     Reidiardt  assure  that  the 
binoxide  thus  obtained  is  free  from  alkali. J  ^^ 

^,  Deville^b  Method. f — The  baaea  must  be  present  as  nitMt«a.  ^| 
Heat  in  a  covered  platinum  dish  to  from  200^^  to  250°,  until  the 
formation  of  fumes  has  completely  ceased,  and  the  mass  has  become 
black ;  and  proceed  in  all  other  respc?ets  as  directed  in  38*  The 
preBeiice  of  a  small  quantity  of  organic  matter^  or  the  action  of  a  too 
mtenae  heat,  may  oauiie  the  reduction  of  traces  of  binoxide  of  man-* 
ganese,  and  their  solution  in  nitrate  of  ammonia  j  these  tiuces  will  he 
found  with  the  magnesia. 

5*  PmoTOxiDK  or  Cobalt,  Protoxibe  of  Nickel,  axd  OxmE  of 
Zinc,  fhou  Baryta,  Stsoxtia,  and  Lim£. 

Mix  with  carbonate  of  soda  in  excess,  add  cyanide  of  potassium,  68 
heat  very  gently,  until  the  precipitated  carbonates  of  protoxide  of 
cobalt,  protoxide  of  nickel,  and  oxide  of  zinc  are  redissolved ;  then 
filter  the  alkaline  earthy  carbonates  from  the  solution  of  the  cyanides 
in  cyanide  of  potassium.  The  former  are  dissolved  in  dilute  hydro- 
chloiic  acid,  and  separated  according  to  §  154 ;  the  latter  are  sepa- 
rated according  to  §  160. 

in.  Separation  or  the  Oxides  of  the  Foubth  Group  fboii 

THOSE   OF  the  ThIRD,   AKD   FROM  EACH    OTHER. 

§160. 

Index  : — The  Noa  refer  to  those  in  the  maigin. 
Jhmina  from  oxide  of  zinc,  64,  65,  70,  71,  81. 

**  protoxide  of  manganese,  64.  65,  66,  68,  70,  71,  78. 

**  protoxides  of  nickel  and  cobalt,  64,  65,  67,  70,  71,  81. 

**  protoxide  of  iron,  64.  65,  66,  67. 

**  aesquioxide  of  iron,  65, 66, 67,  75,  84. 

Smgyiande  of  chromium  from  oxide  of  sine,  protoxides  of  manganese,  nidoilf 

cobalt,  and  lion,  64,  65,  76. 
**  sesqoioxide  of  iron,  65,  75,  76. 

AnaljsiB  of  chromic  iron,  77. 

— 

*  Frea  Zeitschrift,  v.  62.  f  Jomm.  1  prakt  Chem.  60, 11 
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Oadeaf  tkui  from  alamini^  64,  65,  70,  71»  8L 

**  protoxide  of  maztganefte^  64,  65,  76,  78, 

•*  protoxide  of  nickel,  74,  B$. 

"  protoxide  of  cobalt,  73,  74,  70. 

**  ftesquioxiiie  of  iron,  04,  00,  70,  71.  85. 

FMcsdOe  0f  manffaruM  from  alnmina,  64,  65,  6^J,  m,  70,  71,  78, 
•esquioxide  of  chromium,  64,  65,  76. 
"  oxide  of  zinc,  78. 

'*  protoxide  of  mckel,  73,  74,  78,  80. 

"  protoxide  of  cobalt,  73,  74,  70,  80. 

*'  sesquioxide  of  iron,  64,  08,  60,  70,  71. 

Protmeide  of  niekd  from  alumina,  64,  a**,  67,  70,  71,  8t 

**  aeaquioxide  of  chromium,  64,  65 1  76. 

"  oxide  of  zinc  72,  74,  83. 

•*  protoxide  of  maoganese,  73,  74,  78,  80. 

"  protoxide  of  cobalt,  70,  82. 

"  Beaquioxide  of  iron,  64,  00,  70,  71,  73,  85. 

Pr&tmde  of  eohaU  from  alumiim.  64,  65,  67,  70,  71,  81. 

**  se«quioxide  of  chromium,  64,  65,  76, 

"  oxide  of  xinc,  72»  74,  70, 

**  protoxide  of  m&ngane&e,  73,  74,  79,  80, 

**  protoxide  of  nickel,  70,  82. 

"  aesquioxide  of  iron,  64,  60,  70,  71,  78. 

Pratoside  af  iron  foom  alumina,  64,  65,  66,  67, 

**  aeaquioxide  of  chromium,  04,  65,  76. 

"  aesquioxide  of  iron,  64,  B5. 

SetqtU&xide  ofinm  from  alumina,  60,  67,  75,  84, 

**  aesquioxide  of  chmmiiim,  65,  75,  70. 

"  oxide  of  Kinc.  64,  60,  70,  71,  85. 

"  protoxide  of  msuig-anese,  64,  68,  60,  70,  Tl. 

••  protoxide  of  nickel,  04,  09,  70,  71,  73,  86. 

**  protoxide  of  cobalt,  64,  69,  70,  71,  7a 

'*  protoxide  of  iron,  64,  85. 


A.    General  Methddi, 
L  Precipitation  of  some  Oxides  h/  Ca^hmate  of  Baryta, 

Sesqcioxibe  of  Irok,  Alumtka,  ajtd  Sesquioxide  of  Chromium, 

fBOM  ALL   OTHER    BaSE8   OF   THE    FOURTII    GroUP. 

Mix  the  sufficiently  dilute  solution  of  tbe  chlorides  or  nitratea,  04 
bot  not  sulj)batea^  whick  must  conttiiu  a  little  fir*?e  acid,*  in  a  flask, 
with  &  moderate  excess  of  carbonate  of  baryta  ditfused  in  water ; 
cork,  and  allow  to  staTnl  some  time  in  tlie  cold,  with  occasional 
shakiDg.  The  aesqui^ixide  of  iron,  alumina,  and  sesquioxide  of  chro- 
mium, are  conif»letely  separated,!  whilst  the  other  bases  remain  in 
solution,  with  the  exception  perhaps  of  traces  of  protoxide  of  cobalt 
and  protoxide  of  nickel,  whk-h  will  generally  fiill  down  with  the  proci- 
piUted  oxides.  This  may  W  prt^  vented,  at  least  as  regards  nickel,  by 
iMidition  of  chloride  of  auononium  to  the  fluid  to  be  preeipitated 
(ScffWAKZENBERG  J).  Dccaut,  stir  up  with  cold  water,  allow  to  deposit, 
decant  again,  tilter,  and  wash  with  cold  water.     The  precipitate  con* 

•  If  there  is  maoh  free  acid,  the  greater  part  of  it  mu^  first  be  saturated 
with  carbonate  of  soda, 

\  The  separation  of  the  iiesquioxide  of  chromium  requirea  the  moat  time. 


!Tbe  separation  of  the  sesquioxide  of 
AnnaL  d.  Chem.  a  Pharm,  97,  216. 
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tains,  besides  the  precipitated  oxidea,  carbonate  of  bazyta ;  aud  die 
filtrate,  besides  the  non- precipitated  oxides,  a  salt  of  baiyta. 

If  protoxide  of  iron  is  present, 
and  it  is  wished  to  separate  it  bj 
this  method  fi-om  sesquioxide  of 
iron,  <!bc.,  the  air  mnst  be  excluded 
during  tbe  whole  of  the  operation. 
In  that  case,  the  aolntion  of  the 
substance,  the  precipitation,  and  tbe 
washing  by  deoantation,  are  ejected 
in  a  flask  (^i,  fig.  66),  through 
which  carbonic  acid  is  transniittt^d 
(d),  Tlie  washing  water,  boiled  frt*e 
from  air,  and  cooled  out  of  contact 
of  air  (preferably  in  a  current  of 
carbonic  acid),  is  poured  in  thrt)Uj;h 
a  funnel  tube  (e),  and  the  fluid 
drawn  off  by  means  of  a  movable 
syphon  (5)  ;  all  the  tubes  are  fitted 
air-tight  into  the  cork;  they  am 
smeared  with  tallow. 


I 


Fig.  66. 


2.  Precipitation  of  the  OaeitUs  of  $he  J^owrth  Crroup^  h^ 
^Sfdphide  of  Sodium^  or  JSulphicU  of  Ammaniunk^  from 
Alkaline  SoluHon  ^ffeeiod  wUh  the  aid  of  Tartarie  Acid. 

Alumina  aitd  Sesquioxide  or  CHBOMnTii  fbox  the  Oxides  or 

THE    FOUBTH    GrOUP, 

Mix  the  solution  with  tartaric  acid,  ihen  with  ptire  solution  of  65 
soda  or  potaiisa  until  the  fluid  has  cleared  again ;  *  add  sulphide  of 
sodium  ss  long  ad  a  preci[utate  forms,  allow  it  to  depodt  until  tbe 
supernatant  fluid  no  longer  exhibits  a  greenish  or  brownish  tint; 
decant,  stir  the  precipitate  up  with  water  containing  sulphide  of  so- 
dium, decant  again,  transfer  the  precipitate,  which  contains  all  the 
metals  of  the  fourth  group,  to  a  filter,  wash  with  water  containilig 
Hulphitle  of  sodium,  and  separate  the  metals  as  directed  in  B.  Add 
to  the  filtrate  nitrate  of  potassa,  and  evaporate  to  dryness  ;  fuse  the 
residue,  and  sejiarate  the  alumina  from  the  chromic  acid  formetl,  as 
directed  §  157»  If  you  have  merely  to  separata  alumina  from  the 
oxides  of  the  fourth  group,  it  in  better,  after  addition  of  tartaric  acid, 
to  superttaturate  with  ammonia,  add  chloride  of  ammonium,  and  pre* 
cipitate  in  a  fla^k  with  aulphide  of  ammoniimi.  When  the  precipi- 
tate) has  settled  it  is  filtered  off  and  washed  with  water  containiug 
sulphide  of  ammonium.  Hie  filtrate  is  evaporated  with  addition  of 
carbonate  of  soda  and  nitrate  of  potassu  to  dryness,  fused,  and  the 
alumina  determined  in  the  residue. 


*  Sesqiii  oxide  of  chromfuiQ  and  oxide  of  zinc  caanot  be  obtained  together  in 
alkaline  solution  (ChanceL  Compt.  rend.  43,  927 ;  Joom.  t  prakt  GheoL  ^"^ 
878). 
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B.   Special  MetJiodi, 
1,   Solubility  of  Alumina  in  Caustic  Atkalif^, 

a,  AnTHiKA  FROM  Protoxide  and  Sesquioxide  op  Iron,  akd 
61UXL  Quantities  of  Protoxide  of  Manganese  (but  not  from  the 
protoxides  of  aickel  and  cabalt). 

Heat  the  rather  conoentrttied  acid  solution  In  a  flask  to  boiliDg,  08 
remove  from  the  gas,  and  rr^duce  the  sesquioxide  of  iron  present  by 
vulphiie  of  ftodu.     Replace  the  thud  ovt.'r  the  lamp»  keep  boiling  some 
jliiiie,  and  tliea  neutralize  with  nirbonate  of  Boda,  add  solution  of  pure 
loda  or  |jotassa  in  excesH,  and  boil  for  some  time. 

If  the  analyzed  snbstunce  contains  raueh  iixm,  the  precipitate  will 
become  black  and   granular,  which  is  a  proof  that  the  iron  has  been 

fcre^ted  into  prottjsesquioxide.  The  tendency  to  hum]iing,  preced- 
the  actual  ebullition  of  the  fluid,  may  be  guarded  agaiuBt  by 
tateana  of  a  spiral  coil  of  jdatinuiii  wire  placed  in  the  liquid,  or  by 
constant  agitation  of  the  latter  :  wlirn  ebullition  baa  once  set  in,  there 
la  no  fuilher  need  of  these  precautions.  Remove  the  fluid  uom^  from 
the  gas,  allow  to  dejvoait,  pass  the  clear  fluid  through  a  lilter,  which 
must  not  be  over-porouB,  boil  the  precipitate  again  with  a  fresh  quan- 
tity of  solution  of  soda,  then  wash  it,  first  by  decantation,  afterwards 
on  the  filter  with  hot  water.  Acidify  the  alkaline  filtrate  with  hy- 
drochloric acid,  boil  with  some  chlorate  of  potasaa  (to  destroy  any 
[traces  of  organic  matter)^  concentrate  by  evaporation,  and  precipi- 
IMa  the  alumina  as  directed  §  105,  a*  Tfie  boiling  of  the  precipi- 
Kfeil  oxides  with  the  solution  of  soda  is  eflected  bent  in  a  somewhat 
capacious  silver  or  platinnin  disli,  A  solution  of  soda  containing 
jumina  and  silica  must  be  padiculai'ly  avoided. 
If  sescjuioxide  of  chromium  was  j>resent  in  the  analyzed  sub- 
Btanoe,  you  will  fliid  the  principal  portion  of  it  with  the  sesquioxide 
of  iron;  but  a  small  qiuuitity  lias  been  oxidizecJ  to  chromic  acid, and 
is  ae<?ordingly  found  in  the  fluid  filtered  from  the  alumina. 

b.  The  method  deiicribed  in  a  is  often  employed  also  iti  a  modified 
inn,  omitting   the  reduction  of  the  sesquioxide  of  iron ;   in  wldch 

tlie  process  is  performed  as  follows: — Precipitate  with  ammonia, 
t,  filter,  wash,  transfer  the  precipitate  still  moist  to  a  platinum 
dishy  without  the  aid  of  water,  and  remove  the  last  particles  adhering 
th»  filter  by  means  of  warm  hydrochloric  acid,  which  is  allowed 
ip  into  the  platinum  dish.  The  aqueons  washings  of  the  filter 
kefpt  sejjarate.  ^lien  the  precipitatct  in  the  platinum  dish  has 
dissolved,  add,  very  cautiously,  conccntnited  solution  of  caustic 
potassa,  or  carbonate  of  soda,  until  the  free  acid  is  almost  neutralized^ 
and  apply  heat,  finally  to  boiling  ;  after  thin,  remove  the  lamp,  and 
add  a  lump  of  pure  hydrate  of  potassa  sufficiently  large  to  redissolve 
the  precipitated  alumina,  leaving  the  hydrated  sescjuioxide  of  iron 
imdiasolved.  Einae  the  platinum  dish  now  into  the  beaker  which 
contains  the  w^ashings  of  the  tiltt?r;  wtwh  the  sesquioxide  of  iron, 
first  by  decaniation,  then  upon  the  filter  with  boiling  water,  and  treat 
the  filtrate  as  in  a. 

If  the  fluid  in  which  it  is  intended  to  separate  sesquioxide  of  iron 
and  altimbia  contains  lime  or  magnesia,  some  alumina  is  likely  to 
tindissoiyed. 


^  Joufn.  1  prakt  Ghem.  45,  26t 
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C,    AlUMIKA    from  SESQUIOXtDE  OF  IkOH  AND  PBOTOUDES  OF  iBOy, 

Cobalt,  and  Nickel. 

FuBe  the  oxides  with  hydrate  of  potaasa  in  a  diver  crucible^  boil  I 
the  mass  with  water,  and  filter  the  alkaline  fluid,  which  contains  the 
alutuina,  f^om  the  oxides,  which  are  free  from  alumina^  but  contain 
potoBsa  (H.  Koeb). 

2.  Different  behavior  of  ths  Oxides  la  wards  Ammonia  in  the 

presence  of  CMorule  of  Ammonium. 

Alumtha  AifD  Sesquioxide  OF  Ibon  from  PEOTOxmE  OF  Mak- 

OANB8E. 

The  solntion  should  be  sufficiently  dilute,  mixed  with  chloride  ofi 
ammonium,  and  slightly  acid.  Heat  to  boiling,  add  ammonia  in 
moderate  excess,  and  allow  to  boil  gently  without  interruption  dll  all 
fipee  ammonia  is  efxpelled,  then  filter  off  the  precipitate  which  con- 
tains the  sesquioxide  of  iron  and  the  alumina  from  the  fluid  contain- 
ing the  manganese.  If  the  quantity  of  the  manganese  is  small,  the 
precipitate  will  contain  mei-ely  unweighable  traces  of  it.  If,  on  the 
other  hand,  much  ia  present,  the  precipitate  after  being  partially 
washed  ia  redissolved  in  hydrochloric  acid,  and  the  above  precipita- 
tion is  repeated.     Results  good  (11.  Rose*). 


4 
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3.  I>ifferefit  deportment  of  neutralised  Solutiofis  at  hmHng  heai, 

SEsgvioxiDE  OF  Iron  from  Protoxides  of  Manganese,  Nickel 
and  Cobalt,  Oxide  op  Zinc,  and  other  strong  Bases. 

Mix  the  dilute  solution  largely  with  chloride  of  ammonium  (at  lesst89 
20  of  NH^OI  to  1  of  oxide),  add  carbonate  of  ammonia  in  small 
quantities,  at  last  drop  hy  drop  and  in  very  dilute  solution,  as  long 
as  the  preci[>itated  iron  rediRsolves,  which  takes  place  promptly  at  firet, 
but  more  slowly  towaixls  the  end.  As  soon  as  the  fluid  has  lotit  its 
transparency,  without  showing,  however,  the  least  tmee  of  a  distinot 
precipitate  in  it,  and  fails  to  recover  its  clearness  after  standing  some 
time  in  the  cold,  but,  on  tlie  contrary,  becomes  rather  more  turbid 
than  otherwise,  the  reaction  may  be  considered  completed.  When 
this  point  has  been  attained,  heat  slowly  to  boiling,  and  keep  in 
ebullition  for  a  short  time  after  the  carbonic  acid  has  been  entirely 
©x|>elled.  The  Besquioxide  of  iron  separates  as  a  basic  salt,  which 
rapidly  settles,  if  the  sohriion  was  not  too  concentrated.  Add  nt^w 
a  drop  of  auimouia,  to  me  whether  the  iron  has  been  completely 
thrown  down,  then  a  little  more  ammonia,  to  convert  the  basic  salt 
of  iron,%vhich  has  a  tendency  to  dissolve  upon  cooUng,  into  hydrated 
sesqidoxide,  and  filter.  To  insure  accurate  results,  the  fluid  must 
not  contain  more  than  3*4  grm.  sesquioxide  of  iron  in  the  litre,  and 
must  be  tolerably  fi'ee  from  Bulphuric  acid,  since  it  is  difficult  iu 
]»reaence  of  the  latter  to  hit  the  exact  point  of  saturation.  (Herschel,! 
BcnwARZENBERo.J)  The  pi-ecipitate  should  be  washed  with  water 
containing  chloride  of  ammoniunu 


I 


'  Pogg.  AnniO.  110,  804  a.  *107.     f  Annal.  de  Chim,  et  de  Phya  40,  806. 
t  Anaal  d,  Chem.  u.  Pharm.  97,  216. 
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4.  Method  baaed  on  the  hthupior  of  ihe  Aoeiaiea  at  a  hoUing  JimL 

Besqitioxide  of  Iron  and  Alumjjia  from  Protoxide  of  Manoa- 
KESE,  Oxide  op  Zinc,  Protoxide  of  Cobalt,  and  (but  not  so  well) 
pRuToxiDE  of  Nickel. 

Precipitate  the  aesquioxide  of  ii'ou  untl  alumina  according  to  §  1 13,  70 
\y  d,  See  aljso  §  81,  c.  Tlie  precipitate  is  free  from  inanganese,  co- 
balt, anii  zinc  ;  but  it  contains  some  nickel,  from  wliieh  it  ttau  only 
be  frefid  by  redi^Holving  (after  slight  washing)^  re  precipitating  in  the 
SlimG  manuei%  and  repeating  the  o[*emtion  a  tliiril  time*  The  methcMl 
18  more  suited  to  the  aepamtioii  of  Besquioxtde  of  iron,  or  of  sesqui- 
I     oxide  of  iroa  and  alumiua,  than  of  alumina  alone,     liesulta  good* 

^^M       6.  MeUiod  baited  on  tJie  different  behavior  of  the  Succinates, 

HB€S84)UI0X1DE   OF   IrON  (aND  AlUMIKa)  FROK  OxIDE    OF   ZiNC,  AND 

^PaoTOxrDEs  of  Manganese,  Nickel,  and  C'obali. 

The  solution  should  contain  no  cotisidorable  quantity  of  sulphuric  71 
mcid.  If  acid,  as  is  tisuully  the  cane,  add  ammonia  till  the  color  is 
reddish  brown,  then  acetate  of  soda,  or  of  aiamonia  (H,  Hose)  till 
the  color  is  deep  red,  tirially  pi-ecipitate  with  neutral  alkaline  succi- 
nate  at  a  gentle  heat,  and  filter  the  succinate  of  Besquioxide  of  iron 
from  the  solution  which  contaion  tlie  reat  of  the  metals.  For  the 
further  treatment  of  the  precipitate,  see  §  113,  1,  c.  With  proper 
car©  the  separation  is  complete,  and  especially  to  be  recommended 
when  a  relatively  large  quantity  of  iron  ia  present.  The  method  may 
aLK>  be  used  in  the  pi^aence  of  alumina,  Tlui  latter  falls  down  com- 
pletely with  the  iron.     (E*  Mitsceerlich,  Paoels*.) 

6.  Different  deportment  of  several  Stdphides  with  Acida^  or  of 
tlie  Acetic  Acid  iSolutionn  wiC/i  Sidpkwr^tted  Hydrogen* 
[a*  Oxide  of  Zinc  from  PROTOxiDna  of  Nickel  and  Cobalt. 
BBtTNNKR'a  Method, f 

The  metalnmUBt  exist  in  dilute  nitric  or  hydrochloric  solution  (not  72 
more  than  1  grm.  of  both  oxidea  in  \  litre).     This  ia  so  nearly  neu- 
tralized by  carbonate  of  soda  that  only  a  very  small  quantity  of  free 
renmlns.     To  accoraplifeh  this  purpose  it  is  best  to  add  a  dilute 
tion  of  carbonate  until  a  alight  precipitate  is  lef^,  after  agitating 
standing  for  some  time,  and  then  to  remove  this  by  one  or  more 
drops  of  dilute  acid,     Cond\ict  into  the  liquid  thus  prepared  hydro- 
milphuric  acid,  wdiich,  after  a  time,  produces  a  perfectly  whit^  pre- 
ripitttte  of  sulphide  of  zinc.     After  a  good  share  of  the  zinc  hai*  thus 
been  thrown  down,  add  to  the  liquid  a  few  drops  of  a  very  dilute 
solution  of  acetate  of  soda  and  continue  the  passage  of  hydrosulphuric 
acid  gtt8  a£  long  as  the  precipitate  aj»pearR  to  increase,  atul  afterwards 
Jet  the  whole  Bland   VI  huurs  at  ordinaiy  temperatures.     The  preci- 
pitate bottles  perfectly  and  washes  easily  upon  the  filter. 

In  order  to  make  certain  of  the  thorough  separation  of  the  zinc, 
'^  %  portion  of  the  filtered  liquid  a  drop  of  solution  of  acetate  of 
'  treat  again  with  hydrosnlphuric  acid  gas.     If  a  white  tur- 
bidity ensues  the  whole  filtrate  must  be  subjected  to  the  same  opera- 
tion. 


'  Jahiesbcf.  ▼.  Kopp  n.  Will.  185S,  617.         \  DiBgler's  polyt,  JouriL  150,  37a 
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The  sulphide  of  zinc  is  further  treated  according  to  §  108,  j 
This  separation  succeeds  only  when  the  directions  wre 
hered  to.  If  the  solution  be  neutral,  or  contain  too  much  acelate  of 
soda,  or  be  heated,  nickel  will  go  down  with  the  zinc*  If  iron  be 
prt'sent  it  must  be  previouijly  separated-  MlJCTEK  \uua  employed  this 
method  in  the  analysis  of  German  silver  witli  most  satisiactorf  re- 
aulU»] 

b.  Protoxides  of  Cobalt  Aim  Nickel  from  Protoxidk  of  Mas- 

OAXESE  JLNT>  THE  0X1  DBS  OF  I  RON. 

The  solution,  which  must  be  free  from  nitric  acid,  is,  after  neutra- ' 
lization  of  any  free  acid  which  may  be  present  by  aounonia,  precipi- 
tated with  sulphide  of  ammonium,  and  highly  dilute  hydrocldoric 
acid,  or — if  manganese  alone  has  to  be  sepai^ted — acetic  acid  Uien 
added,  aiid  i^ul|jhuretted  hytlrogen  gas  conducted  into  thet  fluid  to 
sutu ration,  with  frequent  stirring.  This  serves  to  dissolve  tbe  sul- 
phide of  maijganeKe  and  the  sulphide  of  iron,  whilst  the  sulphide  of  J 
cobalt  and  the  sulphide  of  nickel,  though  the  latter  less  completely,  ^ 
remain  untlissolved.  The  tiltrate  is  reprecipitated  by  addition  of 
ammonia  and  sulphide  of  ammonium,  and  the  above  treatment  is  re- 
peated. The  results  are  accurate.  It  is  advisable,  however,  to  text 
the  weighed  cobalt  and  nickel  compounds,  for  manganese  and  iron* 

c  Protoxides  of  Cobalt  and  Nickel  from  Protoxide  of  Max-   ^ 

OASXBE  AND  OxiDE  OF  ZlNC. 

a.  Put  the  weighed  mixture  of  the  oxides  in  a  porcelain  or  plati-  74 
nuiu  boat,  insert  this  iiito  a  tube,  heat  to  dull  re*lnesa,  whilst  con- 
ducting sulphuretted  hydrogen  gas  over  it*  Let  the  sulphides  formed 
cool  in  the  curreiit  of  gas,  and  then  digest  them  for  several  hours 
with  cold  dilute  hydrochloric  acid,  which  dissolves  only  the  sulphide 
of  manganese  (arid  Rulphido.  of  zinc).  The  sulphides  of  nickel  and 
cobalt  are  left  behind  pure  (Ebelmkn*)* 

0.  Precipitate  with  carbonate  of  soda,  filterj  wash,  and  ignite ; 
mix  1  part  of  the  residue  with  1*5  of  sulphur  and  0*75  of  carbonate 
of  soda,  and  heat  the  mixtui-e  in  a  small  retort  as  strongly  as  possi- 
ble for  half  an  hour.  Allow  the  mixture  to  cool,  and  extract  the 
sulphide  of  zinc  (and  Bulphide  of  manganese)  formed,  with  dilute 
hydrochloric  acid  (1  part  acid  to  10  water),  Brunheb^ 

7.  Different  deportment  of  the  several  Oxides  with  Sydragmk 
Ga8  at  a  red  heat. 

SESQtJiOXIDE  OF  IrON  FROH  AlUMIKA  AND  SSSQUIOXIDE  OF  ChBO- 
MTUM* 

[Precipitate  ^ith  ammonia,  beat,  filt-er,  ignite  and  weigh.     Tritu-7fl 
rate,  and  weigh  olf  a  portion  in  a  pjatirmm  crucible.     Ignite  to  red- 
ness in  a  stream  of  hydrogen  gas  as  long  as  water  forms  (about  1 


^  Anual  d.  Chem.  u.  Fhnrm.  72,  320.  Ebelmen  had  given  Ms  method  simply 
for  the  separation  of  cobalt  and  nickel  from  mouganeae. 

I  Anna!,  d  Chem.  XL  Pharm.  80,  364.  Bnmncr  has  given  tu«  method  liiiil^^ 
lor  nickel  and  sino. 
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lOttr).      Then  ignite  over   the  blast-lamp  in  a  current   of  mixed 
hydrogen  and  hydrochloric  at-id  giisea. 

Tbis  leaveit  the  alumina  and  sesijuioxide  of  chromium  in  a  state  of 
«>urity  ;  the  iron  volatilizes  as  protociiloride,  aud  is  determined  by  the 

ass.     (Method  of  KivoT  and  Deville  modified.)] 


8,  Difftsrent  capctcity  of  the  several  Oxides  ta  he  converted  into 
hi ffher  Oxides^  or  higher  Chloridett, 


^(B.    Sesquioxiue   of    Chbomium   from  all  tfie   OxiUES  OF  Trm 
!  Fourth  Group. 


I  Fuse  the  oxides  with  nitrate  of  potassa  and  carbonate  of  soda  70 
(comp.  §  157),  boil  the  mass  with  water»  add  a  suffir*ient  (|uantity  of 
spirit  of  wine^and  heat  gently  for  several  hours.  Filter,  and  deter- 
mine  in  the  filtrate  the  chromium  a.^direct'ed  §  130,  and  in  the  residue 
thelsases  of  the  fourth  p'oupi.  The  following  is  the  theory  of  this 
process:  the  oxides  of  zine,  cobalt,  nickel,  iron^  and  partly  that  of 
fmangimese,  separate  upon  the  fusion,  whilst,  on  the  other  band,  man- 
ganat4^  (peril ap8  also  Horue  ferrate)  and  chi'omate  of  jiotjissa  are  formed. 
Upon  boiling  with  water,  part  of  the  manganic  acid  of  the  manga- 
Bate  of  potassa  is  converted  into  permanganic  acid  At  the  expense  of 
the  oxygen  of  another  part,  which  is  reduced  to  the  state  of  binoxide ; 
the  Utter  separates,  whilst  the  potassa  salts  are  dissolved.  The  addi- 
tion of  alcohol,  with  the  aj>plication  of  a  gentle  heat,  effects  the  decom- 
position of  the  manganate  and  permanganate  of  potassa,  binoxide 
of  manganese  being  separated.  Upon  filtering  the  mixture^  we  have 
'therefore  now  the  whole  of  the  chromiwm  in  the  filtrate  as  alkaline 
jcliromate,  and  all  the  oxide.s  of  the  fourth  group  on  the  filter.  Alu- 
mina, if  present,  will  be  found  partly  in  the  residue,  partly  as  alka- 
line aluminate  in  the  filtnite ;  proceed  with  the  latter  according  to  49» 
If  you  have  to  de^l  with  the  native  compound  of  sencpuoxide  of 
chromium  ^-ith  protoxide  of  iron  {chromic  iron)  the  above  method 
does  not  answer.  In  this  case  the  following  plan  may  Ik*  adopted : 
j  IWke  O'b  grm.  of  the  impiilpable  powder,  and  fusie  in  a  capacious  77 
^platinum  crucible  with  6  grm,  hisulj>hate  of  potassa  for  fifteen 
minutes,  at  a  temj>i3rature  scarcely  above  the  fusing  point  of  the 
latter,  then  raise  the  heat  somewhat,  so  that  the  bottom  of  the  cru- 
cible may  just  appear  red,  and  keep  it  so  for  fifteen  or  twenty  minutes. 
The  fusing  mass  should  not  rise  higher  than  half  way  up  the  cnicible. 
The  mass  begins  to  fuse  quietly,  and  abundant  fumes  of  Biilphuric 
acid  escape.  At  the  expiration  of  twenty  minutes  the  heat  is  in- 
creased as  much  as  necessary  to  drive  out  the  second  eqnivalent  of 
iulphuric  acid,  aud  even  to  decompose  partially  the  sulphate  of  iron 
pnd  chromium.  To  the  fused  miisa  now  add  3  grm,  pure  carbonate 
mi  ooda,  heat  to  fVision^  and  adcl  in  small  portions  from  time  to  time 
pntiiig  an  hour  3  grm.  nitre,  maintaining  a  gentle  red  heat  all  the 
Hrhlle,  then  heat  for  ir»  minutes  to  bright  redness.  Treat  the  cold 
^naas  with  btiiling  water,  filter  hot,  wash  the  residue  with  hot  water, 
ihen  digest  in  the  heat  with  hydrochloric  acid.  If  anything  remains 
prndlssolved,  it  is  a  portion  of  the  ore  undecompos*?d,  and  must  be 
toubjected  again  to  the  above  operation.  To  weigh  such  a  residue 
t  it  from  the  ore  first  taken  is  not  good,  as  it  never  pos- 
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sesses  the  compoKition  of  tlie  original  substance.  The  alkaline  solu- 
tion, which  often  contains,  besides  the  chromic  acid,  also  some  silicic, 
titanic,  and  manganic  acids  and  alnnoina,  is  evaporated  with  excesa 
of  nitrate  of  amnioma  on  a  water-bath  nearly  to  dryness,  and  till  all 
free  ammonia  is  expelled.  On  addition  of  water,  the  silicic  acid, 
alumina,  titanic  acid,  and  Bes<|iuoxide  of  manganese  remain  nndis- 
solved,  while  the  chromic  acid  pasties  into  solution,  and  is  to  be  de- 
termined according  to  §  130.     (T.  8.  Hunt.     F.  A.  Genth*,) 

6.  rROTOXIDE     OF     MaNOANESE    FROM    AlUMIKA,    PrOTOXIDE    Of 

KicKEL,  AND  Oxide  op  Zinc  (but  not  from  protojdde  of  eobali  and 
the  oxides  of  iron). 

After  S<;hiel4— Conduct  cblorinc  gas  into  the  solution  mixed  7Q 
with  acetate  of  soda  (see  59,  60  *»^nd  61). 

9.  Method  baged  upon  the  different  deporimeni  of  ihe  Nitriiei, 

Protoxide  of  Cobalt  from  Protoxide  of  Nickel,  also  fiom 
Protoxide  of  Manganese  and  Oxide  of  Zorc. 

The  separation  of  cobalt  as  nitrite  of  aesqnioxide  of  cobalt  and ' 
potassa,  which  was  i*ecommended  first  by  Fi8GH£R,|  afterwards  by  A, 
StromeyerJI  is  unquestionably  the  best  method  for  separating  cobalt 
and  nickel.  The  best  mode  of  proceeding  is  as  follows  ;^ — The  solu- 
tion of  the  oxides  (from  which  any  iron  [as  well  as  all  alkaline  earthi 
where  nickel  is  present,]  must  first  be  separated)  is  evaporated  to  a 
small  bulk,  and  then,  if  much  firee  acid  is  present,  neutralized  with 
potassa*  Then  add  a  concentrated  solution  of  nitrite  of  potassa 
(previously  neutrallxcd  with  acetic  add  and  filtered  firom  any  flocks 
of  silica  and  alumina  that  may  have  separated)  in  sufficient  quantity 
and  finally  acetic  acid,  till  any  flocculent  precipitate  that  may  hav« 
formed  from  excess  of  potassa  has  redissolved  and  the  fluid  is  decid- 
edly acid.  Allow  it  to  stand  at  least  for  24  hours  in  a  warm  pkoe, 
tjtke  out  a  portion  of  the  supernatant  fluid  with  a  pipette,  mix  it 
with  more  nitrite  of  jjotassa  and  observe  whether  a  farther  precipi- 
tation takes  place  in  this  after  long  standing.  If  no  precipitate  is 
formed  tlie  whole  of  the  cobalt  has  fallen  down,  otherwise  the  small 
portion  must  be  returned  to  the  principal  solution,  some  more  nitrite 
of  pot4i£fia  added,  and  after  long  standing  the  same  t<est  applied. 
ThusiJone  can  the  analyst  be  sure  of  the  complete  precipitaticm of  the 
tebftlt.  Finally  filter  and  treat  the  precipitate  accorduig  to  8  111^4, 
if  you  desire  to  determine  it  after  the  method  of  Gchth  and  Glll8B» 
H,  Hose  recommends  washing  the  precipitate  with  a  saturated  •§- 
lution  of  chloride  of  potassium  or  of  sulphate  of  potassa,  then  dis- 
solving it  in  hydrochloric  acid,  precipitating  the  protoxide  of  cobalt 
from  the  solution  with  potassa,  wasl^g,  igniting  in  hydrogen,  wadi^ 
ing  the  metal  and  finally  wei^iing. 


*  KeitKhnft  f.  analyl  Cbem.  1.  4fl6L 

t  Sillim.  Joum,  1$.  ^TSw     Sdilei  i|MakB  only  of  IIm  \ 
tram  iron  <?)  and  nklnli  bnt  il  ii  c^bricNis  that  ils  \ 
■inc  Bu^  be  effected  faiyeie  suiiA  raetlkod. 

%  Fq«|.  ibmaL  71,  477.  |  AimaL  C  < 
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10.  Method  haaed  on  the  different  behavior  of  the  P}m»phaU9, 

MAKO.UnSSB    FROM   NiCKEL    AKD    C  OH  ALT. 

Mix  Uie  wann  solution  of  the  suljihates  r>r  chlorides  with  clilorid©  of  80 
Ikmrnonixirn  and  ammonia,  then  with  phosphoric  acid  (the  ammonia 
mustreumiii  trtill  in  lai-ge  excess).  The  wliite  precipitate  is  2  Mn  O, 
1^  H^  O,  P  0, 4-  2  n  O  (which  on  ignition  liecomes  2  Mn  O,  P  O,),  the 
filtrate  contains  the  whole  of  the  nickel-  If  cobalt  is  prefient  the  jin?ci- 
jiitate  must  he  dissolved  in  hydrochloric  acid  and  repreci  pita  ted  w4th 
mmmonia^  in  oixler  to  free  it  from  the  small  quantity  of  cobalt  w^hich 
first  falls  down  with  it.  The  precipitate  becomes  crystalline  soon 
After  falling,  it  Ls  to  be  washed  with  solution  of  chloride  of  ariiifio- 
nium  containing  free  ammonia  (T.  H.  Henry*).     [See  also  §  100,  3.] 

The  test-analyses  are  aalLsfactory. 

11.  Methods  batted  upon  the  different  deportment  with  Cycmide 
of  J*otassium. 

rt,  Alumika  from  Oxide  op  Zikc,  Protoxide  op  Cobalt,  awd 
Peotoxide  op  Nickel. 

^Mbt  the  solution  with  carbonate  of  soda,  add  cyanide  of  potassium  81 
^^■Qfficient  quantity,  ami  digest  io  the  cold,  until  the  precipitated 
PBnbonates  of  zinc,  cobalt  and  nickel  are  redLssolved,     Filter  off  the 

undiaaolved  alumina,  wash,  and  remove  the  alkali  which  it  contains, 

hj  resolution  in  hydrochloric  acid  and  reprecipitation  by  ammonia 

(F&esEKtus  and  HAn>LEN+). 

6.  Pbotoxide  of  Nickel  fbom  Protoxide  of  Cobalt. 

LlEBlG^'s  Method-I — Mix  the  solution  of  the  two  oxides,  which  83 
must  be  free  from  other  oxides,  w^ith  hydrocyanic  acid,  then  with  so- 
lution of  potassa,  and  warm,  until  everything  ia  dissolved,  (Cyanide 
of  potassium,  free  from  cyanate,  may  be  used  instead  of  hydro- 
cyanic acid  and  potaasa.)  The  solution  looks  reddiah-yellow  ;  heat  to 
lioiliiig  to  remove  the  free  hydrocyanic  acid.  By  this  process  the 
Rouble  cyanide  of  cobalt  and  ikitassium  (K  Cy,  Co  Cy)  in  the  solu- 
tion is  mostly  converted,  with  evolution  of  hydrogen,  into  cobalti- 
cyanide  of  potassiym  (Kj  Co^  Cy^)!  whilst  the  double  cyanide  of 
luckel  and  potassium  in  the  solution  remains  unsiltttred,  I^et  the 
JK>lution  cool,  then  sui>er8aturate  with  chlorine,  and  constantly  redis- 
aolve  the  precipitate  of  cyanide  of  nickel  which  forms,  by  addition 
of  solution  of  soda  or  potassa.  The  chlorine  does  not  act  upon  the 
cobalticyanide  of  potassium,  but  it  decomposes  the  double  cyanide 
of  nickel  and  potassium,  and  throws  down  the  w^hole  of  the  nickel 
fta  black  peroxide.  [Tliis  must  be  w^ashed,  dissolved,  and  reprecipi- 
jlftted  to  separate  impuritiea.     It  is  safest  to  weigh  as  metallic  nickel.  ] 

To  determine   the  cobalt  in  the  filtrate,  supersaturate  with  acetic 

a«cid,  boil,  precipitate  the  boiUng  solution  -with  sulphate  of  copper, 

KMD  in  ebullition  for  some  time  longer,  then  hlter  the  fluid  from  the 

^^Elpitated  cobalticyanide  of  copper  (Cu,  Co.^Cy^'f  7  H  O)  ;   decom- 

WK^  the  latter  by  boiUng  with  solution  of  potassa,  and  calculate  the 
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Ibid  Or>.  244,  Mid  87,  128. 

2  (Co  Cy.  K  Cy)  +  K  Cy  4  H  Cy  =  (K 
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?iiamity  of  the  cobalt  from  that  of  the  oxide  of  copper  ohtfldned 
Or  evap<:»nvte  to  dryness  ¥rith  excess  of  hydrochloric  acid,  diagolve 
the  residue  in  wat-er,  separate   the  cobalt  as  Bulphide,  convert  into 
Bolphate  and  osdde,  and  weigh  as  metalUc  cobalt.     The  beat  met! 
of  separating  a  little  nickel  from  much  cobalt.     (Oauhe.*)] 

c.  Protoxide  of  Nickel  fbox  Oxii>e  of  Zinc. 

Mix  the  concentrated  solution  of  both  oscides  with  an  excess  of  88 
concentrated  pure  solution  of  potassa,  then  with  solution  of  hydro- 
cyanic acid  in  sufficient  quantity  to  rediasolve  the  precipitate  com- 
pletely ;  add  solution  of  raonosulphide  of  potassiu-m^  allow  the  pre- 
cipitated sulphide  of  zinc  to  deposit  at  a  gentle  heat,  filter,  and  de- 
termine the  nickel  in  the  filtrate  by  heating  for  aome  time  with  fum- 
ing hydrochloric  acid  and  nitric  acid,  or,  instead  of  the  latter,  chlo- 
rate of  potajsaa^  evaporating,  and  finally  precipitating  with  potassa 

(WoHLERf). 

12.    YduTnetric  Determination  of  <m^  of  the  Oxide*. 

a,  Sesquioxiue  or  Iron  from  Alumina. 

Precipitate  both  oxides  with  ammonia  (§  105,  o,  and  §  113,  1)^84 
Diasolve  the  weighed  residue,  or  an  aliquot  part  of  it,  by  digesUon 
with  concentrated  hydrochloric  acid,  or  by  fusion  with  biaulph&te  of 
potassa  [or  better,  carbonate  of  soda],  and  treatment  with  water  con- 
taining sulphuric  acid ;  and  determine  the  iron  volu metrically  aa  diiw- 
ted  §  113,  3,  o,  or  b.  When  hydrochloric  add  is  used  to  diasclv^ 
the  oxides,  the  solution  should  be  evaporated  with  exceai  of  sul- 
phuric acid,  to  remove  the  hydrochloric  acid,  in  case  permanganate  is 
employed  for  estimating  the  iron.  Tlie  alumina  is  found  from  t]i6 
diflerence.  This  is  an  excellent  method,  and  to  be  recommended 
more  [mrticularly  in  cases  where  the  relative  amount  of  iron  is  small 
If  you  have  enough  substance  it  is  of  course  much  more  conTenient 
to  divide  the  solution^  by  weighing  or  measuring,  into  two  equal  pof^ 
tions,  and  determine  in  the  one  the  aesquioxide  of  iron  -j-  aluminti 
in  the  other  the  iron.  Instead  of  estimating  the  iron  by  volumetric 
analysis  you  may  also  precipitate  it,  ^ter  addition  of  tartaric  acid 
and  ammonia,  with  sulphide  of  ammonium, 

h.   SESQUtOXIDE   OF    IrON    FROM    PROTOXIDE     OF    IrON    (OiIBB  Of 

ZiKC,  pROToxtnE  OF  Nickel). 

Determine  in  a  portion  of  the  substance  the  total  amount  of  the  80 
iron  as  aesquioxide,  or  by  the  volumetric  way.    Dissolve  another  por- 
tion by  warming  with  sulphuric  acid  in  a  flask  through  which  car- 
bonic acid  is  conducted,    to  exclude  the  air;    dilute  the  solutioa, 
and  determine  the  protoxide  of  iron  volumetricaUy  (§  1 1 2,  2,  a).   The 
difference  gives  the  quantity  of  the  sesquioxide.     Or,  dissolve  thB 
oompound  in  like  manner  in  hydrochloric   acid,  and   determine  Uie 
aesquichloride  of  iron  with  hyposulphite  of  soda,  acconling  to  §  US, 
3,  &,     In  this  case  the  difference  gives  the  protoxide  of  iron.     If  it    a 
is  desired  to  determine  ^e  protochloride  of  iron  in  the  hydrochloric    ■ 
acid  solution  with  permsngpnate^  the  remarks  on  p,  198  must  be  bcnns 
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in  mind.  These  convenient  and  simple  nietliods  deserve  to  repliiee  the 
older  luid  more  complicated  methods  of  determining  protoxide  of  iron 
in  pr««ence  of  sef^pioxide.  If  the  compound  in  which  sesqtii-  rmd 
protoxide  of  iron  are  to  be  estimat+Hi  is  only  with  difficulty  cleeom- 
poeed  by  acidg>,  heat  it  with  a  mixture  of  4  parts  sulphuric  acid  and 
I  part  wftter  in  a  sealed  tube  at  210"*  (MiTsc  hehlich,  Joiir,  f. 
pfakt.  Chem.,  81, 108,  and  83,  455),  or,  if  this  is  not  enough,  fuse  it  with 
borasE  ( 1  part  miiierjU,  6 — 6  vitrified  borax)  in  u  amall  retort,  con- 
nected with  a  flask  containing  nitrogen  (produced  by  combustion  of 
pboephorus  in  air) ;  an  atmosphere  of  carbonic  acid  is  less  suitable. 
Triturat*'  the  fused  mass,  and  dissolve  in  boiliug  hydrochloric  acid, 
in  an  aUncwpliere  of  carbonic  acid  (Hsumann  ;  v.  Kdbell). 


I' 


Fig.  07. 

[Cooke*  dissolves  Bilicates  in  ft  mixture  of  sulphuric  and  hydro- 
fluoric ucids  in  iin  atmosphere  of  steam  and  carbonic  acid,  and  mea>- 
Bures  the  protoxide  of  iron  by  means  of  permiinganate  of  potassa. 

Fig.  (57  exhibits  his  apparatus.  To  the  sides  of  a  copper  water- 
batll  are  attached  three  tubes.  The  tube  on  the  left  connects  with  & 
Muiotte^s  flask  to  ma.intain  the  w^at^r  at  a  constant  level.  The  upper 
tube  on  the  right  connects  with  a  carbonic  acid  gas  generator,  while 
tiie  tbirtl  tube  carries  off  any  overflow  of  water  to  the  sink. 

On  the  cover  of  the  water-batli  close  to  the  rim  is  a  circular 
groov#!,  which  receives  the  edge  of  an  inverted  glass  tunnel.  When 
the  apjiaratus  w  in  use  this  groove  is  kept  fall  of  water  by  the  spray 
from  the  boiling  liquid  and  thus  forms  a  perfect  water  joint ;  but  in 
order  in  secure  this  result  the  biith  must  be  kept  nearly  full  of  water 
and  holcv  for  the  reay  escaped  of  the  steam  and  spray  should  be  pro- 
vided in  the  rings,  which  cover  the  bath  and  adapt  it  for  vessels  of 
various  sixes.  By  this  arrangement  the  funnel  may  be  kept  filled  with 
an  ntmc»sphere  of  steam  or  of  carbonic  acid  for  an  indefinite  period. 
Moreover  we  can  either  pour  in  fresh  quantities  of  solvent,  or  we 
em  ttiir  up  the  material,  in  the  vessel  within,  introducing  a  tube*fun- 
nel  or  stirrer  through  the  spout  of  the  covering  funnel. 
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The  finely  pulverized  substanoe  (| — 1  gruL)  is  placed  in  a  Urgb 
platinum  crucible.  Upon  it  pour  a  mixture  of  dilute  sulphuric  acid 
(&p.  gT.  l-r*)  with  sisi  little  hydrofluoric  acid  as  experience  may  show 
is  required  to  dissolve  or  decompose  the  substance,  stirring  up  the 
material  vnth  a  platinum  spatula.  The  crucible  is  next  transferred 
to  the  wat^r-bath^  the  covering  funnel  put  in  place,  water  poured  into 
the  groove,  the  interior  iilled  with  ciirbonic  acid,  and  the  lamp  lighted. 
As  soon  as  the  water  boils,  the  supply  of  carbonic  acid  is  stopped, 
and  if  the  water  level  has  been  properly  adjusted,  the  apf»aratua  will 
take  care  of  itself,  the  groove  will  be  kept  full  of  water  and  the  inter- 
ior of  tlie  funnel  full  of  steam.  If  the  nmt-eriala  cake  on  the  l»ottom  of 
the  crucible, — as  is  not  imfrequently  the  case  when  a  large  amount  of 
insoluble  sulphate  is  formed, — the  lamp  maybe  removed, the  appam- 
tufl  again  filled  with  carbonic  acid,  and  the  contents  of  the  crucible 
stirTed  up  by  aid  of  a  Htout  platiniun  wire  about  two  inches  long, 
fused  to  the  end  of  a  glass  tube.  Anything  atlhering  to  the  rod  am 
easily  be  washed  back  into  the  crucible  by  directing  the  jet  from  the 
wajih  bottle  down  the  throat  of  the  covering  funnel.  The  lamp  may 
then  be  replaced,  the  current  of  carbonic  acid  interrupted,  and  the 
proc^iss  of  digestion  continued.  When  the  decomposition  is  complete 
the  current  of  carbonic  acid  gas  is  re-eatAbliahed,  the  lamp  extingutsbed, 
and  the  air-tube  of  the  Mariotte's  flask  raised  until  its  lower  end  is 
s,bove  the  level  of  the  overflow,  A  slow  current  of  water  is  thus 
caused  to  flow  th-rough  the  bath,  which  soon  cools  down  the  whole 
apparatus.  The  crucible  may  now  be  removed,  its  contents  washed 
into  a  l»eikker  glas.s^  and  the  solution  diluted  with  pure  water  until  the 
volume  is  about  500  c,  c,  when  the  amount  of  protoxide  of  iitm 
present  can  be  determined  with  a  solution  of  permanganate  of  potaasa 
in  the  UHual  way.  The  total  amount  of  iron  present  being  sobse* 
quently  det+^rmined,  the  relative  proportion  of  the  two  oxides  is  of 
course  wi-ll  known.] 

Iron  may  also  be  determined  volumetrically  in  presence  of  oxide 
of  xinc,  protoxide  of  nickel,  <kc.  It  is,  indeed,  often  the  better  way, 
instead  of  effecting  the  actual  separation  of  the  oxides,  to  detenmnfr 
in  one  portion  of  the  solution  the  sesquioxide  of  iron  -f-  oxide  of 
sine  or  +  protoxide  of  nickel,  in  another  portion  the  iron  alone,  and 
to  find  the  quantity  of  tbe  other  metal  by  the  difference.  However, 
this  can  be  done  only  in  cases  where  the  quantity  of  iron  is  relativelj 
small. 

rv.  Separation  of  SESQuioxrDK  op  Iron,  Alumina,  Protoxidk  or 
Manganese,  Luus,  Magnesia,  Potassa,  and  Soda. 

As  these  oxides  are  found  together  iu  the  analysis  of  most  silicatei, 
and  also  in  many  other  cases,  I  devote  a  distinct  paragra]>h  to  tb« 
description  of  the  methods  which  are  employed  to  effect  their  sepft> 
ration. 

1.  MMod  haaed  upon  the  emploffmenl  of  CarhonaU  ofMairyia 
(particttbrly  apfilicable  in  cases  where  the  mixture  ocmtaim 
only  a  small  pi*oportion  of  lime). 
Prf^pitate  the  iron— which  must  be  present  in  the  form  t^  m 
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c|uio3ddei — ^aDd  the  aliimina  hy  carbonate  of  baryta,*  and,  afler  re- 
mcmiig  the  baryta,  separate  the  two  metals,  by  one  of  the  mathoda 
given  in  g  lf>0.  Precipitate  the  manganese  from  the  filtrate,  either 
by  yellow  sulphide  of  ammonium  (56)  oi\  aft<?r  addition  of  a  little 
hydrochloric  acid  and  naturation  with  chlorine,  by  carl>onate  of  baryta 
(60 )•  If  you  have  used  sulphidt^  of  ammo ni urn,  which  I  generally 
prefer,  dissolve  the  precipitated  aulpliide  *)f  manganese  in  hydrochloric 
acid,  mix  the  solution  with  some  sulphuric  acid,  filter,  and  determine 
the  manganese  as  directed  §  109,  2  or  3.  If  you  have  uaed  carbon- 
ate of  baryta  aa  precipitant,  sepiarate  the  manganese  aa  directed 
§  159.  Precipitate  the  dilute  solution  now  \%  ith  sulphuric  acid,  filter, 
and  wash  the  precipitate  until  the  water  running  off  is  no  longer  ren- 
dered turbid  by  chloride  of  barium ;  then  precipitate  the  lime  after 
addition  of  ammonia  with  oxalate  of  ammonia.  Filter,  evaporate 
the  filtrate  to  dryness,  ignite  the  residue,  and  separat-e  the  magneaia 
from  the  alkalies  by  one  of  the  methods  given  in  §  153» 

3.  Aj^ieaticn  of  Alkaline  Acetates  or  FbrmialeM, 
Hemove  from  the  scdution,  by  evaporation,  any  very  considerable  87 
excess  of  acid  which  may  he  present,  then  dilute  again  with  water, 
add  carbonate  of  soda,  f  until  the  fluid  is*  nearly  neutral  (no  per- 
manent prc«:ipitiite  must  he  formed),  then  acetate  or  formiate  of 
soda,  and  proceed  as  in  g  113,  1,  d  (p»  202).  Wiush  the  precipitate 
well,  dry,  ignite,  and  weigh.  Dissolve  in  concentrated  hydrochloric 
acid,  and  determine  the  iron  volumetrically,  according  to  §  113,  3,  6 
(p.  203),  or  fuse  with  carbonate  of  soda,  dissolve  in  dilute  sulphuric 
ac!id,  and  determine  the  iron  a,s  in  §  1 13,  3,  a  (p»  203),  The  difference 
gives  the  quantity  of  the  alumina.  If  any  silicic  acid  remains  be- 
hind on  diasolving  the  precipitate,  it  is  to  be  collected  on  a  filter,  ig- 
nited, weighed,  and  deducted  from  the  alumina.  The  filtrate  contains 
the  manganese,  the  alkaline  earths,  and  the  alkalies.  Precipitate  the 
aeee  with  sulphide  of  ammonium  (55)  ^^  bromine  (69-61) — 
former  precipitant  is  employed,  boil  with  hj'drochloric  ticid  and 
'  aff  the  sulphur — precipitate  the  lime,  after  addition  of  ammo- 
with  oxalate  of  ammonia,  and  lastly,  after  removing  the  ammo- 
i  salts  by  ignition,  precipitate  the  magnesia  from  the  hydrochloric 
solution  of  the  residue  with  phosphate  of  soda.  However,  if  it 
Ta  intended  to  estimate  the  alkalies,  the  magnesia  must  be  separated 
by  one  of  the  processes  in  §  153,  4.  This  method  is  convenient,  and 
givfie  good  results. 

Hie  following  methods  are  particularly  suitable  in  cafies  where  no 
mangaJiese  is  present. 

3.  Apfflicaiion  of  Amtnonia, 

The  solution  must  contain  all  the  iron  in  the  state  of  sesquioxide,  %% 
Add  a  relatively  large  quantity  of  chloride  of  ammonium,  and — ob- 
nerving  the  precautions  indic^itt^d  in  08 — precipitate  with  ammonia, 

*  Before  adding  the  carbonate  of  baryta,  it  is  ab^aiuttl*!  indifpenuihle  to  asceiv 
tain  whether  a  aMDlation  of  it  in  hydrochloric  acitl  is  completely  precipitated  by 
sulphuric  acid^  ao  that  the  filtrate  leavea  no  residue  upon  evaporatioa  in  a  platt- 
nam  diiih. 

f  In  cases  where  it  is  intended  to  estimate  the  alkalies  in  the  filtrate,  carbonata 
ffiil  Aoetate  of  ammonia  mu^t  be  need  instead  of  the  soda  salta 
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The  precipitate  contains  the  whole  of  the  iron  and  almost  the  whuW 
ijf  the  alumina  (a  very  mionta  quantity  of  the  latter  ofl^n  remains 
iti  Holntion),  also  a  trace  of  magnesia.  Decant  and  fil  t€ir ;  waah,  igniU, 
and  wvigh  the  precipitate,  and  treat  according  to  one  of  the  methods  in 

51 60.  If  BiHcic  acid  remains  undissolved,  it  is  to  be  determined  uid 
educted.  If  there  is  a  large  excess  of  alumina  or  maje^esiA,  mix  lh6 
hydrochloric  acid  or  sulphunc  acid  solution  with  pure  potassa  in  exceai, 
heat,  filter,  and  in  the  precipitate  separate  the  sesquioadde  of  iron  from 
any  ti-aces  of  magnesia  that  may  be  present  according  to  58, «-  Tlie  no- 
lutioD  filtered  from  the  alumina  an  J  sesquioxide  of  iron  is  mixed  with 
hydrochloric  acid  and  concentrated  by  evaporation,  the  manganese  ii 
iireeipitated  and  determined  according  to  §  109,  2,  as  sulphide,  the  tlka- 
ttne  earths  and  alkalies  in  the  filtrate  are  etttimated  according  to  87- 
The  weighed  sulpliide  of  manganese  is  digested  with  hydrochloric 
acid,  any  residue  tlmt  mn,y  remain  fused  with  bisulphate  of  potasM, 
and  the  mixed  solutions  tested  according  to  66,  to  see  if  they  con- 
twLu  aHujuina* 

4.  Jhcompomium  of  the  NitraU^  (Bev  hole's  method). 

This  method  presupposes  that  the  bases  are  combined  with  nitiic 

lid  only. 

Proceed  first  as  in  88>  The  escape  of  nitrous  acid  fumes,  obaerved 
ng  the  heating  of  the  nitrates,  is  no  proof  of  the  total  deoompo- 
idtion  of  the  nitrates  of  aesquioxide  of  iron  and  alumina,  na  theia 
'rajKirs  may  owe  their  formation  to  the  conversion  of  the  nitrate  of 
pifut^xide  of  manganese  into  binoxide.  Stop  the  application  of  heat 
when  no  more  vajx^rs  are  evolved,  and  tlie  substance  has  acquii^  a 
unifiirm  black  color.  After  the  treatment  with  nitrate  of  ammonia 
tiu>  solution  contains  nitrates  of  lime,  magnesda,  and  the  alkalies,  the 
ruaidue  contains  alumina,  sesquioxide  of  iron  and  binoxide  of 
faOMO,  (That  some  manganese  is  dissolved,  under  certain 
■tftll0«a,  haa  been  litated  already  in  62 ;  this  trace  is  found  with 
magnasia,  and  finally  separated  from  the  latter.) 

DlTll.UE  recommends  the  following  methods  to  effect  the  furthtr 
•opanition  of  the  bases: — 

A,  Heat  the  residue  with  moderately  strong  nitric  acid,  until  ^ 
alumina  and  aeequioxide  of  iron  are  dissolved,  leaving  tlie  i^iddttaiy 
bannxtde  nf  manganese  of  a  pur»?  bUck  color.  Ignite  the  residue,  and 
w«^  the  protoeeaqoioxide  of  manganese  formed*  Evaporate  the 
aoUition  in  a  platinum  crucible,  ignite,  and  weigh  the  mixture  of  ses- 
quioxide of  iron  and  alumina,  which  may  possftily  also  contain  some 
mrytiMwoouioxidf^  of  manganeaet.  Treat  a  portion  of  it  by  the  method 
moibaa  in  7B  ;  this  giTeii  the  alumina.  If  manganese  was  present, 
the  iron  cannot  be  estimated  by  difference,  Deville  therefoie  eva- 
porati^  the  solution  of  the  protochlorides  (76),  \%ith  sulphuric 
acid»  i^iit««  gc^ntly,  and  treata  the  residue,  which  consists  of  »es- 
f  iiioxi^i^  of  iiMn  und  some  sulphate  of  protoadde  of  mang^inese,  wi^ 
^Njwr  lo  c^andire  the  latter.  (Should  the  heat  applied  have  been  too 
OTOQ^  Wijck  in^t  possibly  lead  to  the  decomposition  also  of  sulphate 
^  |«*Ol«id«  «f  ntanganeoQ^  the  residue  is  moistened  with  a  mixture 
w  oxAlie  aflid  and  nitric  add,  some  sulphuric  add  added,  and  the 

^^tvm  Ike  fiinm^  predpftlate  firat   the    lime    by   oxalate  of  I 
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t^i^'^r*",  Itai  aepumie  the  magneai*  ^m  the  »,lkaH*'i>  as  directed 

llui  method  is  parUcukrIy  suiuble  in  the  abfience  of  nuuiguieae, 
5.  Method  vrkidk  eombineg  5  ofu/  4. 

PmcipitAte  with  amroaiuA  (37) ^  decant,  filter,  wash,  rc3no%'e  the  90 
'till  K«lf'nioist  precifiitate,  as  far  as  practicable,  from  the  filter,  dia- 
suive  the  rest  in  mtric  acid,  tran^sfer  this  to  the  diah,  to  effect  also 
tU  folntiou  of  the  bulk  of  the  precipitate ;  proceed  as  in  89,  ^^^ 
■dd  the  fl^'^  'rated  from  the  sesqiiioxide  of  iron  and  alumina, 
md  ftill  I  J   small   quantities  of  laiigiie&ia,  to  the  principal 

filiate.  Ttii-^  DjHihod  is  often  emplojred  with  the  best  success  in 
Bj  labontorv,  in  absence  of  manganese ;  the  determination  of  the 
ftJiiwhii  being  effected  by  estimating  the  total  amount  of  fie»- 
qdoxide  of  iron  and  alumina,  then  the  sesquioxide  of  iron  volumet- 
milhr  <87) 

St/^^phnrntU  la  the  FQurih  Group. 
To  §§  158,  159,  160, 

SirJUUTTOS    OF    BBSQtnOXIDB    OF    TTlL4jnUV    FBOM     THE     OTHSB 

Oxwna  OF  Groups  I, — IV, 


h  bss  aireadj  been  stated,  in  g  114,  that  sesquioxide  of  uramnm 

enooi  be  completely  sepaimted  &om  the  alkalies  by  means  of  am- 

■Oiiii  aa  the  precipitated  ammonio-aeaquioxide  of  uranium  ia  likely 

to  unitain  also  fijied  alkaliea.     This  precipitate  should  therefore  be 

iliaoiv^    in    hydrochloric  acid^  the   solution    evaporated    in   the 

iktaBOia  crvGible,  the  readae  gently  ignited  in  a  curi^ent  of  hydro- 

^^ftft  (eee  fig.  47,  p.  181  f,  the  chlorides  of  the  alkali  metals  ex- 

tneted  wtth  water,  and  the  protoxide  of  uranium  ignited  in  hydro- 

tea,  m  order  to  ita  being  weighted  aa  such,  or  in  the  air,  whereby  it 

ncQOiperted  into  protoaeaqiiioxide.     Instead  of  disaolving  the  pre- 

ofiimto  in  hydrochloric  add  and  treating  the  solution  as  directed, 

jtm  fx^y  heat  the  precipitate  cautiously*  with  chloride  of  ammonium, 

lad  treat  the  residue  with  water  (H.  Rosk). 

From  binryta,  aeaqnioxide  of  uranium  may  be  separated  by 
nlplmrie  acid,  from  stroniia  and  litiiie^  by  sulphuric  acid  and  aloo- 
koL  Ammonia  fails  to  effect  complete  separation  of  sesquioxide  of 
uranium  from  the  alkaline  earths,  the  uranium  precipitate  always 
oonlainii^  not  inooiudderable  quantitiea  of  the  earths.  In  such 
preeipitatea,  howerer,  the  uranium  and  the  alkaline  earth  may  like- 
wise be  separated  by  gentle  ignition  with  chloride  of  ammonium 
and  treatment  of  the  residue  with  water. 

Uranium  may  be  precipitated  from  a  solution  containing  alkalUg 
amd  alkalme  eartha  also  by  sulphide  of  ammonium.  It  must  here  be 
borne  in  mind  th&t  the  solution  must  contain  a  sufficiency  of  chloride 
of  ammotuum  and  free  ammonia,  that  the  precipitate  must  not  ba 
filtered  off  till  after  long  standing  (24 — iB  hours)  in  the  doeed  flask, 
and  that  no  alkaline  carbonflfce  may  be  present.  The  sulphide  of  am- 
monium should  be  oolories^  or  slightly  yellow,  and  a  large  exi 


91 


9% 


9  Strang  igniticm  would  oeeiaian  Ibe  Tolatilizatian  of  chluride  of  utaniam« 
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sulphurett^  hydrogen  lai-gely  in  excess^  filter  before  tlie  exces*  of 
Hulphuretted  hydrogen  has  had  time  to  escape  or  become  decouipofted, 
wash  with  sidphuretted  hydrogen  water,  dry,  roast,  redissalve  in  tu- 
trohydrochloric  acid,  evaporate  nearly  to  dryness,  add  water  and  hy» 
drochloric  acid  as  above,  and  precipitate  again  with  sulphuretted 
hydrogen.  This  second  precipitate  is  free  from  zinc ;  it  in  treated  as 
directed  in  §  11^,  3  (p.  230). 

If  cadmium  is  present,  a  portion  of  this  motal  is  likely  to  remain  in 
solution^  in  presence  of  the  large  amount  of  hydrochloric  acid  added. 
It  is  therefore  necessary,  in  that  case,  after  conducting  the  sulphur* 
etted  hydrogen  gas  into  the  fluid,  to  add  saturated  sulphuretted  hy- 
drogen water  uutil  no  more  sulphide  of  cadmium  precipitates,  and 
then  to  proceed  as  for  the  separation  of  coi>per.  The  separation  of 
cadmiiitn  from  zinc  requires  accordingly  also  a  double  precipitatiaii 
with  sulphuretted  hydrogen,  if  the  quantity  of  zinc  is  in  any  way 
considerable.  However,  with  proper  attention  to  the  instructioiui 
here  given,  the  method  gi%'es  perfectly  satisfactory  results, 

y.  The  other  metals  of  the  fifth  group  comport  themselves  in  this 
respect  similarly  to  cadmium,  L  e,,  tliey  are  not  completely  precipi- 
tated by  sulphuretted  hydrogen  in  presence  of  too  much  free  acid  in 
a  concentrated  solution.  Lead  requires  the  least  amount  of  free  add 
to  be  retained  in  solution ;  then  follow  in  order  of  succession,  cadmi- 
um, mercury,  bismuth,  copper,  silver  (M.  Martik*).  The  separa- 
tion of  these  metals  from  zinc  must,  therefore,  if  necessary,  be 
effected  by  the  same  process  as  that  of  cadmium  from  zinc  (3,  the  end)* 

5.  If  hydrochloric  acid  produces  no  prt^cipitate  in  the  solution^  it 
is  preferred  as  acidifying  agent ;  in  the  contrary  case,  sulphuric  acid 
or  mtric  acid  must  be  used.  In  the  latter  case  the  fluid  must  be 
rather  largely  diluted.  Eliot  and  STOREaf  arrived  at  the  same 
conclusion  a.«i  ourselves,  and  showed  that  the  cause  of  Calvert's  un&p 
vorable  results  was  the  too  large  dilution  of  his  solutions.  For  to 
prevent  the  precipitation  of  xinc  you  have  not  merely  to  preserve  a 
certain  proportion  lie t ween  the  zinc  and  the  free  acid,  but  also  a  oer* 
tain  degree  of  dilution.  Although  I  agree  with  the  above-named 
chemists  in  the  opiiLion  that  it  is  piissible  to  prnduce  a  condition  of 
the  fluid,  under  which  one  precipitation  will  effect  complete  separa- 
tion, still  it  apjiears  to  me  better,  for  practical  purposes,  to  pi\?cipi- 
tate  twdct',  as  this  is  sure  to  lead  to  ilie  desired  result. 

f .  Long  ex|ierien€e  in  the  separation  of  copper  from  nickel  (and  co- 
balt) has  led  me  to  the  opinion  that  a  double  precipitation  is  unneces- 
sary. If  thi! solution  which  is  to  l>e  treated  ^ith  sulphuretted  hydrogen 
contains  enough  free  hydrochloric  acid  and  not  too  much  water,  the 
copper  falls  down  wbaolutely  free  from  nicLel,  while,  on  the  other  hand, 
if  the  quantity  of  fmse  acid  is  not  too  large,  the  filtiute  will  be  quite  free 
from  copi>er. 

B.    tSpecial'  3ftfhotJit, 

SiKGi^  Oxides  o!c  the  Firrn  Group  from  Sikgle  or  Mixsd 
Oxn>£s  OP  THE  First  Four  Groups. 

L  Silver  is  most  simply  and  completely  separated  from  the  oxiDis 

*  Jouna.  f  prakt  Chem.  «7,  371. 
I  On  the  Tinpnrities  of  Commercial  Zino»  &o.— Memoirs  of  the  Americaa 
Academy  of  Arta  and  Scienoea     Kaw  serios,     VoL  viiL 
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OF  THB  FIRST  FOUR  OKOUP8  hy  means  of  bydroclilorio  acid.  The  hy- 
cirochloric  acid  nuist  not  be  used  too  largely  in  excess,  and  the  fluid 
muMt  be  stiificientJy  dilute  ;  otherwise  a  portion  of  tliu  silver  will  re- 
main in  solution.  Care  must  l>e  taken  alno  not  to  oinit  the  addition 
of  nitric  acid,  which  promotes  the  separation  of  the  ehkiride  of  silver. 
The  latter  should,  under  these  circiimstance«,  be  collected  and  Wii&hed 
on  a  filter  (p.  208  /j)j  as  waaliing  by  decantation  would  give  too  large 
A  bulk  of  fluid. 

2.  The  separation  of  MERcttRY  from  the  metau  of  the  first  four  97 
^hours  may  be  etfected  also  by  ignition,  which  will  cause  the  volati- 
^pfttion  of  the  mercury  or  the  mercurial  compound,  leaving  the  non- 

v^olj&tile  bodies  behind.  The  method  is  applicable  in  many  cases  to 
iiiloyfi,  in  others  to  oxides,  chlorides,  or  sulphides.  If  tlie  mercury  is 
tsBtuiiated  only  from  the  loss,  the  ojieration  is  conducted  in  a  crucible; 
otherwise  in  a  bulb-tube,  or  a  wide  glass  tube  with  porcelain  boat. 

The  precipitation  of  mercury  as  snbchloride  with  phos|)horous  acid, 
acx.'ording  Ut  ^  118,  2  (p.  224)  is  also  well  adapted  for  its  separation 
from  metala  of  Group  IV.  If  the  mercury  is  already  present  as  sub- 
oxide, it  may  be  separate<l  and  determined  in  a  simple  manner,  by 
precipitation  i*ith  hydrochloric  acid  {§  117,  1). 

3.  From    those   Bases  which  form    soluble   salts  with  sul-  98 
PHUBii:  ACID,  OXIDE  OF  LEAD  may  b©  readily  separated  by  that  acid. 
The  results  are  very  satisfkctory,  if  the  rules  given  in  g  116,  3,  are 
strictly  adhered  to. 

If  you  have  lead  in  presence  of  baryta,  both  in  form  of  sulphates, 
digest  the  precipitate  with  a  solution  of  ordinary  sesquicarbonate  of 
ftnunoma,  without  application  of  heat.  Thiu  decomposes  the  lead 
nit,  leading  tlie  baryta  salt  unaltered.  Wash,  first  with  solution  of 
earbonnle  of  ammonia,  then  mth  water,  an<l  separate  Enally  the  car- 
bonate of  lead  from  the  aidphate  of  baryta,  by  acetic  acid  or  dilute 
nitric  acid  (U,  Kose*),  The  same  object  may  also  be  attained  by 
tOBpending  the  washed  insoluble  salts  in  water  and  digesting  with  a 
oleur  concentrated  solution  of  hyposulphite  of  soda  at  15 — 20*^  (not 
higher).  The  sulphat<3  of  baryta  remains  unilissolved,  the  snlphat** 
of  le«d  dUsoUea.  E>eUn*mine  the  lead  m  the  tiltrate  (after  §  116, 
2)  !kM  sulphide  of  lead  (J.  LoWK  |). 

i.  Oxide  of  Copper  from  all  Cubes  of  the  first  Four 
Gjtotrp& 

a.  Acidify  the  solution  with  sulphuric  (toid,  and  precipitate  the  99 
copper  according  to  §  119,  1,  c,  with  hifptundphUe  of  noda^l  as  subsul- 
phide,  and  determine  it  as  such  according  to  ^  1 19,  3.     The  filtrate 
contains  the  other  bases.     Evaporate,  with  addition  of  nitric  acid, 
filter  and  determine  the  other  oxides  in  the  iiltrate.{|     Results  good. 

•  Jotun.  f.  prakt.  Ohem.  6<J,  106.  f  I^^d.  77,  75. 

J  The  oommeretal  salt  in  often  not  Bulf^cieiitrly  puro  ;  in  which  eaae  some 
fmrbonate  of  soda  roust  be  adiled  to  its  solution,  and  the  mixture  filtered. 

I  Ab  f ar  back  aa  1842,  C.  Himly  mad©  tbe  flrst  proposal  to  employ  hypoAul* 
phite  of  soda  for  the  precipit/ition  of  many  metalit  sh  sulpbiden  (Ajm&l.  <1  Cbetn. 
u  Pharm.  43,  160)  .  The  question,  after  long  neglect,  was  afterwards  taken  up 
m^^u  by  VohL  (AmiiiL  d  Chera,  u.  Pharm.  90,  2^1),  and  Slater  (Chem.  Gaz. 
1^5,  8«9).  Flajolot,  however,  miide  the  first  quantitiitive  experiments  lAnnaL 
dea  MJnea,  lans,  UX  -  Joum.  f.  prakt.  Chem.  61,  lOo).  The  reaults  obtained  by 
i  Are  perfectly  eatiKfactoty. 


SKPABATIOir* 

It  liAS  been  stated  in  §  1 19^  1,  c,  tliat  the  aolution  ought  to  be  &e# 
from  hydrodiJoric  and  nitric  acids ;  boweyer,  tbis  is  not  absolutely 
necesBary  j  only,  in  presence  of  hydrocbloric  or  nitric  acid,  a  much 
larger  proportion  of  tbe  precipitant  is  required — in  presence  of  tbft 
former,  because  tbe  subchloride  of  copper  formed  is  decompoaed 
only  by  a  large  excess  of  bjposulpbite  of  soda ;  in  presence  of  tbe 
latter,  because  tbe  precipitant  begins  to  act  upon  tbe  copper  salt 
only  after  tbe  decompotiition  of  the  nitric  acid. 

6,  Precipitate  tbe  copper  as  subsulphof^trmde  according  to  §  11^,  10B 
3,  b  /  theotber  metals  remain  in  solution  (Rivot),  If  alkalies  were 
present  and  it  were  desired  to  determine  tbem  in  tbe  filtrate^  sul- 
pbocyanide  of  ammonium  must  be  used  instead  of  tbe  potassium 
salt  iLSuaily  employed.  This  metbod  is  particularly  well  adapted 
for  tbe  separation  of  cop]>er  irom  zinc.  Tbe  zinc  can  be  precipitated 
at  once  from  the  filtrate  by  carbonate  of  soda,  Tbe  metbod  is  sJso 
suitable  for  separating  copper  from  ii'on  (H-  Rose*)  ;  in  tbis  case  it 
is  unnecessary  that  tbe  sesquioxide  of  iron  be  completely  reduced  by 
tbe  aulpburouB  acid  added ;  the  sepanition  may  be  etfected,  even  if 
tbe  solution  becomes  blood-red  on  tbe  addition  of  tbe  precipitant. 

5.  Oxide  op  Copper  from  Oxide  op  Znsc. 

BoBLERREf  employed  tbe  following  metbod  with  aatisfactorr  101 
results  in  the  analysis  of  many  alloys  of  mic  and  cop[»er: — The 
alloy  is  put  into  a  small  porcelain  boat  lyiiig  in  a  porcelain  tube, 
and  heated  to  redness  for  three-quarters  of  an  hour  at  tbe  most,  a 
rapid  stream  of  hydrogen  gas  being  conducted  over  it  during  the 
process.  The  zinc  volatiliEes,  tbe  cop}>er  remains  behind.  Lead 
also  (if  that  metal  be  present)  is  not  volatilized  in  this  process. 

6.  Teroxide  or  Bismuth  prom  the  Oxides  op  the  pirst  Foira 

G  soul's,  WITH  THE  EXCEPTION  OP  SeSQUIOXIDB  OF  IrOJT. 

Precipitate  tbe  bkmutb  according  t^  §  120,  4  (p.  234),  aa  basic  102 
chloride^  and  detex-mioe  it  as  metal;   all  tbe   other  bases  remain 
completely  in  solution.     Results  very  satisfactory  (H.  Rose  J).  J 

7.  Oxide  of  Cadmium  from  Oxide  op  Zmc. 

Prepare  a  hydrochloiic  or  nitric  acid  solution  of  the  two  ox- 103 
idea  as  neutral  as  possible,  add  a  sufficient  quantity  of  tartaric  acid, 
then  sobition  of  potaiisa  or  soda,  until  the  reaction  of  the  clear 
fluid  is  distinctly  alkaline.  I>ilute  now  with  a  sufficient  quantity 
of  water,  and  boil  for  1^^ — 2  honrs.  All  the  cadmium  precipitates 
as  bydrated  oxide  free  from  alkali  (to  he  detonnined  as  directed  § 
121),  whilst  the  whole  of  the  zinc  remains  in  solution;  the  latter 
metal  ia  determined  as  directed  in  §  lOS,  1,  b  (AijBEL  and  liAM* 
D0HR|).     The  test-analyses  communicated  are  satisfactory. 


•Pogg.  Anml  no,  4U. 

f  Compt  rend.  36,  224 :  Jouiil  f.  prakt.  Cbem.  58,  380^ 

f  Pogg.  AimaL  110,  42i 

I  Annal  d.  Ohem.  a.  Pharm.  103,  83. 
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§163. 

Index  : — The  Noa.  refer  to  those  in  the  margiiL 

(hids  oftUter  from  oxide  of  copper,  104,  110,  111,  112,  123,  128,  X24 
**  oxide  of  cadmium,  104,  110,  112. 

"  teroadde  of  biamutli,  104,  109,  112,  113. 

**  oxide  of  mercuiy,  104,  110,  113,  117,  119,  141, 

**  oxide  of  lead,  104,  107,  lfW!J,  im,  1 13,  123,  124. 

Osddeaf  mermrjf  from  o:adQ  of  sHver,  104,  110,  112,  117,  119,  14t 
**  suboxide  of  mercury,  IQTh 

*»  oxide  of  lead,  106,  lO-S,  109,  112,  117,  119. 

"  fceroxideof  bmmuth,  lOH,  113,  117, 

**  oxide  of  copper,  100,  HI,  112,  117,  119. 

"  oxide  of  ciulmmm,  lOl),  117. 

Su^^c^ids  of  mercury  from  oxide  of  mercurj,  H)5. 

**  oxide  of  copper,  105,  100,  119. 

"  oxide  of  cadminm,  105,  106. 

"  oxide  of  lead,  105,  106,  108,  109,  119. 

GompAre,  iJso,  oxide  of  mercury  from  the  other  metals. 
OMcfffUadtiom  oxide  of  silTer,  104,  108,  109,  113,  122,  123,  121 

**  oxide  of  mercurv,  104,  107,  108,  109,  112,  117, 119. 

"  oxide  of  copper,'  108,  109,  1 12,  114. 

•'  teroxide  of  bismuth,  108,  1 14,  120,  121. 

*'  oxide  of  cadmium,  108,  109,  112. 

Tertmdeof  Hsmuih  from  oxide  of  silver,  104,  100,  112,  120. 
*^  oxide  of  lead,  108,  114,  120.  131 

«*  oxide  of  copper,  10l>,  112,  lO,  120 

•*  oxide  of  cadmium,  100,  112,  113,  114,  110. 

^*  oxide  of  mercury,  109,  112,  IIT 

Osdde  of  copp^  from  oxide  of  silver,  104,  110,  111,  112,  122,  133,  124, 
*^  oxide  of  lead,  1 08,  1 1)9.  1 1 2, 1 14, 

**  teroxide  of  bismuth,  100,  112,  113,  120.  • 

••  oxide  of  mercury,  IW,  111,  112,  117, 119. 

*•  oxide  of  cadmium.  111,  113,  114,  115,  118. 

Oride  of  cadmium  from  oxide  of  silver,  104, 110,  112, 
'^  oxideof  lead,  lOS,  109,  112. 

**  teroxide  of  biamtith,  109, 1 12,  113,  114,  lie, 

•*  oxide  of  copper,  111,  113,  1 14,  115,  118. 

**  oxide  of  mercurj,  106,  117, 

Method*  baaed  upon  the  Insolubility  of  certain  of  the  ChUh 
rides, 

a.  Oxide  of  Silver  from  Oxide  of  Copper,  Oxide  of  Cadmium, 
Tkmoxide  of  Bismuth,  Oxide  of  Meruury,  and  Oxide  of  Lead. 

ou  To  separate  oxide  of  siher  from  oxide  of  copper^  oxide  of  cad-XQ^ 
fnium^  and  teroxide  of  blsniuth^  add  to  tho  nitric  acid  solutiuu  con- 
taming  excess  of  aitric  acid,  hydrochloric  acid  aa  long  as  a  [jrecipi- 
tate  forms,  and  separate  the  precipitated  chloride  of  ijilver  from  the 
•olution  which  contidns  the  other  oxides,  as  directed  §  115^^  1,  f», 

^»  If  you  wish  to  sejiaraite  oxid^  of  mercury  from  o;ru/«  of  ^Uver 
hw  hTdroohloric  acid,  special  precautions  must  be  taken,  us  a  solution 
jpT  nitrate  of  merlyury  poeaesses  the  property  of  dlaRolving  chloride 
of  silver  (VVackjehsoder,  y,  Liebio*).     Although  the  chloride  of 

•  jLomL  ±  Chem.  u,  PharnL  81,  138. 
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silver  in  solution  for  the  most  part  eepamtes  od  tlie  addition  of 
enough  bydrocblonc  acid  to  convert  the  nitrate  of  mercur)'  into 
chloride,  or  on  addition  of  acetate  of  soda,  still  we  cannot  depend 
upon  the  complete  precipitation  of  the  silven  On  this  account, 
mix  the  nitric  acid  solution — which  may  not  contain  anj  suboxide 
of  mercury,  and  is  to  be  in  a  sufficiently  dilute  contiition  and  acidi- 
fied with  nitric  acid — with  hydrochloric  acid,  as  long  a£  a  precipi- 
tate forms.  Allow  to  dejK^i^it,  filter  off  the  clear  fluid,  beat  the  pre- 
cijiitate — to  free  it  from  any  possibly  coprecipitated  basic  mercury 
salts — with  a  little  nitric  acid,  add  water,  then  a  few  drops  of  hy- 
drochloric acid,  and  tiJter  off  the  chloride  of  silver.  In  the  filtrate 
determine  the  mercury  a«  sulphitle  (g  118,  3),  and  finally  test  this 
for  silver,  by  ignition  in  a  stream  of  hydrogen —any  silver  that 
may  happen  to  be  present  will  remain  behind  in  the  metallic  stat-ft. 

7,  In  the  separation  of  silver  from  l^ad^  the  precipitation  is  also 
preceded  by  addition  of  acetate  of  soda.  The  fluid  must  be  hot 
and  the  hydrochloric  acid  rather  dilute  ;  no  more  must  \k*  added  of 
the  latter  than  i^  just  necessary.  In  this  manner  the  separation 
may  be  readily  effected,  since  chloride  of  lead  dissolves  in  acetate 
of  8oda  (Antuon).  The  lead  is  thrown  down  from  the  filtrate  by 
sulphuretted  hydrogen, 

<5\  The  volumetric  method  (§  115,  5)  is  usually  resorted  to  in 
the  mint  to  determine  the  iUver  in  alloys.  In  presence  of  oxide  of 
mercury,  acetate  of  soda  is  mixed  with  the  fluid  immediately  before 
the  addition  of  the  solution  of  chloride  of  sodium. 

&,  Suboxide  of  Merc  cry  from  Oxide  of  Mercury,  Oxcde  of 
Copper,  Oxide  of  CADiiiuai,  aijd  Oxide  of  Lead, 

Mix  the  highly  dilute  cold  Bolution  with  hydrochloric  acid,  as  IQfi 
long  as  a  precipitate  (subcldoride  of  mercury)  forms ;  allow  this  to    S 
deposit,  fl  I t-t^r  on  a  weighed  filter,  diy  at  100*,  and  weigh.     The    ( 
filtrate  contains  the  other  oxides.     If  you  have  to  analyse  a  soUd 
body,  insoluble   in  watrrr,  either  treat  directly,  in   the   cold,  mth 
dilute  hydrochloric  acid,  or   dissolve  in  highly  dilute  nitric  acid, 
and  mix   the  solution  with  a  large  quantity  of  water  before  pro- 
ceeding to  precipitate.     Care  must  always  be  t^keu  that  the  mode 
of  solution  is  such  as  not  to  eudtmger  the  oxidation  of  the  sub- 
oxide of  mercury.     K  lead  is  present  the  washing  of  the  subchlo- 
ride  must  be  executed  with  special  care  with  water  of  60 — 70**,  till 
the  filtrate  ceases  to  b©  colored  with  sulphuretted  hydrogen*     Aa 
an  additional  security,  it  is  well  to  test  at  last  whether  the  weighed 
subchloride  leaves  no  suljihide  of  lead  behind  on  cautious  ignition 
with  sulphur  in  a  stream  of  hydrogen. 


c.  Oxide  and  Suboxide  of  MERctiRY  from  Oxide  of  Copfeb^ 
Oxide  of  Cadmium,  and  (but  less  well)  from  Oxide  uf  Lead. 


If  mercury  is  present  as   oxide  or  as  oxide  and  suboxide,  it  bXC 
precipitated  according  to  §    118,  2,  «,  by  means  of  hydrochloric 
acid  and  phosphorous  acid  as  subchloride.     The  precipitate,  parties 
ularly  when   bismuth  is  preKeut,  is  first  washed  with  water  coa- 
taining  hydrochloric  acid,  then  with  pure  water,  till  the  washings 
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tire  no  longer  colored  with  sulphuretted  hydrogen  (H.  Rose*),     In 
the  piiesenc©  of  lead,  the  remarks  in  105  must  be  attended  to, 

d.  Chloride  of  Lead  and  Chloride  op  Silver  may  be  sepA-107 
rated  also  by  solution  of  ammonia,  which  dissolves  the  hitter,  leav- 
ing the  former  behind  as  basic  chloride  of  lead.  Bear  in  mind  that 
the  chloride  of  silver  must  be  reoimtly  precipitated,  and  with  ex- 
ehision  of  light.  The  cldoride  of  silver  is  thrown  down  from  the 
uramoniacal  solution  by  nitric  acid.  It  us  necessary  to  test  the 
fluid  filtered  from  the  chloride  of  silver  with  8ulphuretti?d  hydrogen 
to  ascertain  whether  weighable  quantities  of  chloride  of  silver  may 
not  be  retjuned  in  solution  by  the  agency  of  the  ammonia  sidts. 

2.  Metlwfh  bfised  vpon  tlis  TnsolubUitt/  of  Sulphate  ofl^ead. 
Oxide  of  Lead  fbom  all  other  Oxideb  of  the  Fifth  Groop. 
^lir  the  nitric  acid  solution  with  pure  sulphuric  acid  in  not  too  108 
elight  excess,  evaporate  until  the  sulphuric  acid  begins  to  volatilize, 
idlow  the  fluid  to  cool,  add  water  (in  which,  if  there  is  a  sufheient 
quantity  of  fre*  sulphuric  acid  |>resent,  the  sul[>hatea  of  mercury 
and  of  bismuth  dissolve  completely),  and  theu  filter  the  solution, 
which  contains  the  other  oxides,  itit/totAt  Mat/^  from  the  undissolved 
sulphate  of  lead.  Wash  the  precipitate  with  water  containing  snl- 
pburic  acid,  displace  the  latter  with  spirit  of  wine,  dry,  and  weigh 
(§  1 IG,  3).  Precipitate  the  other  oxides  from  the  filtrate  by  sul- 
phuretted hydrogen.  If  oxide  of  silver  ia  present  in  any  notable 
quantity,  this  method  cannot  be  recommended,  as  the  sidphate  of 
idlver  is  not  soluble  enough.  In  this  case  you  may  follow  Eliot 
and  STOBER,f  viz.,  mix  the  solution  with  nitrate  of  ammonia,  warm, 
precipitate  the  greater  portion  of  the  silver  with  chloride  of  ammo- 
nium, evaporate  the  filtrate,  remove  the  ammonia  salts  by  igtiition, 
and  in  the  residue  separate  the  small  remainder  of  the  silver  from 
the  lead  uHtb  sulphuric  acid  as  just  directed.  For  the  separation 
^iUatlfiom  binftiutJi^  on  the  above  principle,  H.  BoskJ  givwa  the 
following  pi'ocesa  as  the  best.  If  both  oxides  are  in  dilut-e  nitric 
acid  solution,  as  is  usually  the  ease,  evaporate  to  small  bulk,  and 
add  enough  chloride  of  ariiniouium  to  dissolve  all  the  teroxide  of 
bismuth  ;  the  leiul  sepanites  paiiially  its  chloride,  Shotdd  a  por- 
tion of  the  clear  fluid  poured  ofl'  become  turbid  on  the  addition  of 
a  lirop  of  water,  you  munt  add  some  more  hydrochloric  acid,  till  no 
[^»eruianent  turbitlity  is  produced  unless  several  drops  of  water  ai'e 
added.  The  turbid  fluids  should  all  bt*  returned,  and  the  glasses 
rinsed  with  alcc»hol.  Add  now  dilutee  sulphuric  acid,  allnw  to  stand 
Bome  time  with  stirring,  add  spirit  of  wine  of  0*8  sp.  gr.,  stii*  well, 
allow  to  settle  for  a  long  tinie,  filter,  wash  the  sulphate  of  lead  first 
with  alcohol,  mixed  with  a  small  quantity  of  hydroehleric  acid, 
then  with  pure  alcohol.  Determine  it  after  §  ll'i,  3.  Mix  the  fil- 
trate at  once  with  a  large  quantity  of  water,  and  proceed  \viih 
the  precipitated  bsjsic  chloriile  of  bismuth  according  to  §  120,  4 
(p.  234). 


•  Pogf.  Amial.  110,  534. 

f  Pmeedmgv  of  ihe  Ameriotm  Academy  of  Arts  and  Sdenoei,  8-^yt;  11,  1860, 

58;  Zeitsohrift  t  Analjl  Chem.  1,  389. 

t  Pogg.  Awud,  110,  432. 
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3*  Different  Deportment  of  the  (hddes  and  Sulph%4^^  %e%tk 
Cyanide  of  Pata»8%um  (Fresenius  and  Haidlen  ♦). 

a.  Oxms  OF  Lead  aitd  Teboxlde  of  BisittrrH  frok  alx  othee 

OxiDEa  OF  THE  FlFTH  GrOUP- 

Mix  the  dilute  salutioD  with  carbonate  of  soda  in  slight  excess,  add  1(^ 
BolutioD  of  cyanide  of  potassium  (fi*ee  from  sulphide  of  pota«siiim), 
heat  gently  for  same  time^  filter,  and  wash.  On  the  filter  you  have 
carbonate  of  lead  and  of  bismuth,  containing  alkali ;  the  filtrate  oon- 
tains  the  other  metals  as  cyanides  in  combination  with  cyanide  of 
potassiura.  The  method  of  ejecting  their  further  separation  will 
be  learnt  from  what  follows. 

h,  Oxn>E  OF  Silver  from  Oxide  of  Mercubv,  Oxide  of  Coppeb, 
AND  Oxide  of  Cadmii  m. 

Add  to  the  solutiou,  which,  if  it  contains  much  free  acid,  must 
pre\^ously  be  nearly  neutralized  with  soda,  cyanide  of  potasdum 
until  the  precipitate  which  forms  at  first  is  rediasolved.  The  »olu* 
tion  contain.^  the  cyanides  of  the  metals  in  combination  with  cya- 
nide of  potitssium  as  soluble  double  salts.  Add  dilute  nitric  a*^d 
in  excess,  which  e fleets  the  decompodtionof  the  double  cyanides ;  the 
insoluble  cyanide  of  silver  precipitates  permanently,  whilst  the  cya- 
nide of  mercury  remains  in  solution,  and  the  cyanides  of  copper  and 
cadiidum  redisaolve  in  the  excess  of  nitric  acid.  Treat  the  cyanide 
of  silver  aij  flirected  §  115,  3,  or  convert  it  into  the  metallic  states 
by  ignition  in  a  procelain  crucible  till  tlie  weight  remains  constant. 
If  the  filtrate  contains  only  mercury  and  cadmivim,  precipitate  at 
once  with  sulphuretted  hydrogetij  which  completely  throws  down 
the  suljihides  of  the  tw^o  metals ;  but  if  it  contains  copper^  you 
must  first  evaporate  w4th  sulphuric  acidj  until  the  odor  of  hydto* 
cysnic  acid  is  no  longer  perceptible^  and  then  precipitate  with  sul- 
phuretted hydrogen,  or  with  solution  of  pot^ssa  or  aoda  (§  119,  3 
or  1). 

c.  Oxide  of  Copper  from  Oxide  of  Silver,  Oxide  of  Mercuet, 
AND  Oxide  of  Cadmicm. 

Mix  the  solution,  as  in  6,  writh  cyanide  of  potassium  until  111 
the  precipitate  wiiich  is  first  thrown  down  redissolves ;  add  some 
more  cyanide  of  potassium,  then  sulpliu retted  hydrogen  water  or 
sulphide  of  ammonium,  as  long  as  a  precipitate  forms.  The  sul- 
phides of  silver,  cadmium,  and  mercury  are  completely  thrown 
down,  whilst  the  copper  remains  in  solution,  as  sulphide  diasolred 
in  cyanide  of  potaJisium.  Allow  the  precipitate  to  subside,  decut 
repeatedly,  treat  the  precipitate,  for  security,  once  more  with  «olii- 
tion  of  cyanide  of  potassium,  heat  gently,  filter,  and  wash  the  sul- 
phides of  the  metuls.  To  deteraiine  thp  copper  in  the  filtrate,  evapo 
rate  the  latter,  vfiih.  addition  of  nitric  and  sulphuric  acids,  tmtil 
there  la  no  longer  any  odor  of  hydrocyanic  acid  perceptible,  and 
then  precipitate  with  solution  of  potassa  or  soda  (§  1 19,  1),  or  deter- 
mine it  as  subsulphide  (§  119,  3). 

d.  All  the  Met  alb  of  the  Fifth  Group  from  each  other.      i 
Mix  the   dilute   solution   with   carbonate   of  soda,   then  witii] 


*  AanaL  d.  Chem.  u.  Pharm,  43,  128, 
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cynxiiile  of  potassium  in  excess,  digest  some  time  at  a  gentle  beat, 
and  filter.  On  the  filter  you  have  carbonate  of  lead  and  of  his- 
muth,  containing  alkali ;  Bepamte  the  two  raetala  by  a  suitarble 
meth(jd.  Add  to  the  filtrate  dilute  nitric  acid  in  excess,  and  filter 
the  fluid  from  the  precipitated  cyanide  of  silver,  which  determine 
lA  directed  g  115,  3,  Neutral ijse  the  filtrate  with  carbonate  of  soda, 
inihi  ry snide  of  potassium^  and  pass  sulphuretted  hydrogen  in  ex- 
orsa.  Add  now  some  more  cyanide  of  potjissium,  to  redissolve  the 
sulphide  of  copper  which  may  have  fallen  down,  and  filter  the  fluid, 
irhtch  cont^iins  the  whole  of  the  coj>per,  from  the  precipitated  sid- 
phide  of  mercury  and  suliibide  of  cadmium.  Determine  the  copper 
fts  directed  in  c,  and  separate  the  mercury  and  cadmium  as  in  106. 

4.  J^ormaiion  and  Separaiion  of  insoluble  Jiasic  Salts, 
Teroxide  op  Bismuth  from  Oxide  of  Coppkr  and  Oxide  of 

Cadmiuu  (also  from  the  oxide*  of  the  first  four  groups,  with  the  ex- 
ception of  oxide  of  iron). 

Precipitate  the  bismuth  as  basic  chloride  according  to  §  120,  4  (p.  118 
234)  and  throw  down  the  copper  and  cadmium  in  the  filtrate  by  sul- 
phuretted hydrogen.     Results  thoraughly  satisfactory  (H*  Rose  *), 

Teroxide  op  Bismuth  from  Oxide  of  Lead  anb  Oxide  of 
Cabmium. 

Separate  the  bismuth  according  to  §  120,  1,  c^m  basic  nitrate,  and  114 
precipitate  the  lead  and  cadmium  in  the  filtrate  by  sulphuretted  hy- 
drogen.    Reaulta  very  satisfactory  (J,  Low^e  f ), 

Tkboxide  of  Bismuth  axb  Oxide  of  Copper  fbom  Oxide  of 
Lead  aks>  Oxide  of  Cadmium. 

Separate  the  bismuth  after  §  120,  1,  c,  as  basic  nitrate,  then  heat 
the  diah  on  the  water-bath  till  the  neutral  nitrate  of  copper  ia  com- 
pletely convei'ted  int^i  bluiiih-green  basic  Bait  and  no  blue  solution 
is  produced  on  addition  of  water.  Allow  to  coo!,  treat  with  an 
■queoua  solution  of  nitrate  of  ammonia  ( 1  in  i^OO),  Alter,  wajsh  with 
the  same  solution,  and  separate  in  the  solution  lead  from  cadmium ; 
in  the  residue  copper  from  bismuth*  Results  very  satisfactory 
(J»  LuWE,  lac,  ciL)^ 

5.  Preclpitatum  of  the  Copper  (is  Suhmdphocyanide^ 

Oxide  of  Copper  from  Oxide  of  Cadmium  [and  the  oxides  of 
Groups  I, — IV*  (Cump,  100-)] 

Precipitate  the  copi*er  according  to  §   119,  3,  6,  as  Bubsulpho-  115 
cyanide  (Rivot),  and  the  cadmium  from  the  filtrate  as  sulphide.    He- 
aolts  good  (H.  Rose). 

6.  jyifftrent  Deportment  of  the  Chromates* 

BlSVUTH   FROM   CaDMIUM. 

Precipitate  the  bismuth  as  directed  §  120,  2.     The  filtrate  con-  116 
tains  the  whole  of  the  cadmium.     Coucentmte  by  evaporation,  and 
tlien  precipitate  the  cadmium  by  the  civiitious  addition  of  CArbonato 
offioda,  as  dii-ected  §  121»  I,  a"  (J.    LiiwE,J   W.    Peaiison||).     The 
iMnilta  are  said  to  be  satisfuctory* 


Pogg.  Atmnl.  tlO,  4m 

,  f,  pmkt  Chem  07, 
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7.  Different  Depc^rimmt  of  the  Sulphidm  wUh  Afid** 

n.  Oxide   or  MERctmy  from  Silvkb,  Bismuth^  Coffer,   Cad- 
mium, AND  (but  less  well)  from  Lsad. 

Boil  the  thoroughly  washed  precipitated  sulphides  with  perfectly  117 
pure  moderat^ily  dilute  nitric  acid.  The  sivlphide  of  mercury  is 
left  undissolved,  the  other  sulphides  are  disaolTed.  Absence  of 
chlorine  is  indispensable.  G.  t.  Rath^  employed  this  method, 
which  is  BO  umversally  lued  in  qualitative  analysiB,  with  perfect 
sticceas  for  the  separation  of  mercury  from  bismuth. 

L  Oxn>R  OF  Copper  from  Oxide  of  Cadmicm, 

Boil  the  well-washed  precipitates  of  the  sulphides  with  dilute  Ufl 
sulphuric  acid  (1  piirt  concentrated  acid  and  5  parts  water)^  and, 
after  some  time^  filter  the  undissolved  sulphide  of  copper,  to  be  de- 
termined according  to  g  1 19,  3,  from  the  solution  containing  the 
whole  of  the  cadmium  (A.  W.  HoFMASKf). 

8.    VolatUUy  of  same  of  the  Metals,  OxideM,  Chhridet^  or  Bvi- 
phides, 

a.  Mercury  from  Silteb,  Lead,  Coffer  (in  general  &om  the  110 
metals  forming  non-volatile  chlorides). 


Fig.  aa 

Precipitate  with  siilphui'etted  hydrogen,  collect  the  precipitated 
HulpMdei!  on  a  weighed  filter,  dry  at  lOC,  weigh,  and  niix  uni- 
formly. Introduce  an  ttUquot  part  into  the  bulb  TJ  (fig.  68),  [bet* 
ter  into  a  porcelain  tniy  contained  in  a  phiui  piece  of  Bohemian  com- 
bustion t\ibe  bent  like  i?,  OJ  pass  a  slow  stream  of  chlorine  gaa 
(see  p.  *^24),  and  apply  a  gentle  heat  to  the  bulb,  increa^sing  this 
gradually  to  faint  redness.     Connect  G  during  the  operation  with 


•  Fogg.  Aimal  96,  329. 
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a  carboy  containing  moist  hydrate  of  lime.  First  cbloride  of  sul- 
phur ciistils  over,  which  decorajmses  with  the  water  in  the  tubes  ^ 
andJ*^(p,  325)  ;  then  the  chloride  of  mercury  formed  volatilizes,  con- 
densing piirtly  in  the  receiver  JS*,  partly  in  tlie  hind  part  of  the  tuhe 
O.  Out  otf  that  pai-t  of  the  tube,  [or  withdraw  the  tray,]  rinse  the 
sublitnate  with  water  intx)  ^,  and  mix  the  contents  of  the  latter 
witli  the  water  in  i^.  Warai  the  solution  until  the  smell  of  chlor- 
ine has  gone  off,  and  then  determine  in  the  tkiid  filtered  from  the 
sulphur  which  may  atill  remain  undissolved,  tfie  mercury  as  di- 
rected §  118.  If  the  residue  consists  of  chloride  of  mlvor  alone,  or 
chloride  of  lead  alone^  you  may  weigh  it  at  once ;  but  if  it  contains 
several  metals,  you  must  reduce  the  chlorides  by  ignition  in  a  stream 
of  hydrogen  gas,  and  dissolve  the  reduced  metals  in  nitric  acid,  for 
their  ulterior  sejmrution.  Bear  in  mind  that,  in  presence  of  lead, 
tho  sulphides  and  the  chlorides  must  be  heat^ul  fjenth/^  in  the 
chlorine  and  hydrogen  res]iective!y,  otherwifle  some  chloride  of  lead 
might  volatilize. 

If  it  is  intended  to  det-ermin©  tlie  mercury  by  the  difference,  in- 
stead of  in  the  direct  way,  the  apparatus  may  he  much  simplified. 
In  this  case,  however,  great  care  must  be  bestowed  on  the  drying  of 
tbe  sulphides  at  100*,  because,  for  instance,  the  sulphide  of  lead 
on  drying  first  becomeR  lighter  from  loss  of  moisture,  then  gradually 
heavier  again  by  absorption  of  oxygen.  Hence  tlie  methotl  should 
only  be  ailopted  when  a  small  quantity  only  of  another  metal  ia 
present  with  the  mercury.  Weigh  the  dned  prMapitate  evei-y  half 
hour,  and  take  the  lowest  weight  as  the  coiTect  one.  Then  ignit-e 
an  aliquot  fwirt  of  the  precipitate  iu  the  stre^iui  of  hydrogen  in  a 
crucible  with  pei-forated  cover,  or  in  a  tube  vnth  porcelain  tray. 
The  metho<l  cannot  be  aj»plied  unless  only  (me  metal  is  present  with 
the  merctiry-  From  the  residue  in  the  crucible  or  boat  reckon  how 
much  the  whole  precipitate,  dried  at  100°,  would  have  yielded, 
then  calculate  the  result  into  sulphide,  in  which  ftirm  the  substance 
was  contained  in  the  dried  precifiitate — the  ditlerence  is  sulphide 
of  mercury* 

By  ignition  in  hydrogen  suljihide  of  silver  j^elds  tbe  metal,  sul- 
phide of  copper  yields  the  Hubsulphide,  sulplude  of  lead  reuuiins  un- 
altered.    Iie8ult«  good. 

In  alloys  or  mixtures  of  oxides  the  mercury  may  usually  be  de- 
termined with  simplicity  from  the  loss  on  ignition, 

ft.   TeROXIDE   op     BlSMlTTH     FKOM    OxiDE    OF    SiLVER,    OxiBE   OF 

LKaj>,  AifD  Oxide  of  Coppeh. 

The  separation  is  effected  exactly  in  the  same  way  as  that  of  mer- 120 
earj  from  the  same  metals  (119),  Tlie  method  is  more  especially 
convenient  for  the  8e[)aration  of  the  metals  in  alloys,  Cai'e  must 
be  taken  not  to  heat  too  strongly,  as  otherwise  chloride  of  lead 
might  volatilize  ;  nor  to  discontinue  the  application  of  heat  too  soon, 
ms  otherwise  bi.smuth  would  remain  in  the  residue.  Put  water  con- 
taining hydrochlonc  acid  in  the  tubes  ^  and  J^{fig.  68),  and  de- 
ienziiliie  the  bismuth  then^in  according  to  §  1*20. 

9.   Pfwtpitalian  of  mie  Met/d  hy  another  in  the  MetaUic  State, 

OxiBE  OF  Lead  from  Teroxide  of  Bismuth. 

I*r«cipitat6  the  solution  \\'ith  carbonate  of  ammonia^  wash  the  121 
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precipitated  ^MttellfttoB,  and  difiBolve  in  acetic  actd,  in  a  flask  ;  place 
a  weighed  rod  of  pnre  lead  upright  in  the  solution  and  nearl^r  fiU 
up  wiUi  wat«r,  so  that  tlie  rod  may  be  entirely  covered  by  the  tluid ; 
close  the  flask^  and  let  it  stand  for  about  1 2  hours,  with  occa^onal 
shaking.  Wash  the  pi-ecijiit-ated  bismuth  o(f  from  Uie  lead  rod, 
collect  on  a  filtcT,  wash,  and  dissolve  iii  nitric  acid  ;  evajK>rate  the 
solution,  and  determine  the  bismuth  as  directed  §  1 20.  J>et«*fizuD4i 
the  lead  in  the  filtrate  as  directed  §  llfi.  Dry  the  leaden  rod,  and 
weigh  ;  subtract  the  loss  of  weight  wliich  the  rod  has  suffertnl  in 
the  procH^as,  &om  the  amoiiut  of  the  lead  obtained  from  the  ^trate 
(Ullorew). 

10.  S(^jarali€nk  of  jSili!?er  5y  Cupdlailon, 
CUPELLATIOK  was  formerly  the  universal  method  of  determining] 

8ILVKR  in  alloys  with  copper,  lkab,  <kc.  The  alloy  is  fused  to- 
gether with  a  sufficient  quantity  of  pure  lead  to  give  to  1  part  of  sil- 
ver 16  to  20  parts  of  lea*l,  and  the  fused  mass  \»  heated,  in  a  muffle, 
in  a  small  cu[>el  made  of  compressed  booe-ash.  Lead  and  copper 
are  oxidized,  and  the  oxides  absorbed  by  the  cupel,  the  silver  b^ng 
left  behind  in  a  state  of  purity.  One  jiart  by  weight  of  the  cupel 
abanrbs  the  oxide  of  about  2  jmrts  of  lead ;  the  quantity  of  the  sam- 
ple to  be  used  in  the  exjwriment  nmy  be  estimated  accordingly. 
This  method  is  one  of  the  safest  processes  to  determine  very  small 
quantities  of  silver  in  alloys.*  With  regard  to  detaila,  1  relbr  to 
tlie  "  SUver  Assay,"  §  2:36. 

1 1.  Yolumetric  Determination  of  SUvar  in  Presenee  of  Lmd 

and  Copper. 
Sce§  115,  .%  EL  (p.  215). 

12.  3If(hoiift  bcMed  on  the  behavior  of  Avimoniaetd  Soiuiiom 
of  StihcMoride  of  Copper  and  of  Ckcide  of  Silver  with 
each  other ^ 

If  you  pour  a  solution  of  ammonio-subchloride  of  copper,  contain- 
ing large  excess  of  ammonia,  into  a  solution  of  nitrate  of  silver  like- 
wiae  aupersaturated  with  ammonia,  a  precipitate  of  metallic  silver 
is  immediately  formed. 

On  this  reaction  [MiLLON  and  CoMMAlLLEf  base  the  following 
methods  of  sci>aratioii :- — 

a.  DETEltMlNATION    OF   OxtDE   OP   StLVES   TS  PRESENCE  OF  OXIDI 

OF  Lead  and  Oxibe  of  Copper, 

]Mijt  with  armnonia  in  excess,  lilter,  add  excess  of  ammonio-fiub-124 
chloride  of  f.opj)er,  allow  the  precipitate  to  subside,  filter  it  off,  wash 
with  ammomacftl  wat^^r,  ignite,  and  weigh.  The  test-analyses  that 
have  been  mlduced  are  perfectly  satisfactoty.  Very  small  quanti- 
ties of  the  pi-ecipitated  metallic  silver  I  should  prefer  to  dissolve  in 
nitric  acid,  evaporating  to  dryness,  and  determiidng  the  silv^er  after 
PisAifrs  method  (p.  215)* 

b.  Determination  of  Soboiibe  of  Coffee  in  the  pKSgBHCS 
OF  THE  Oxide. 


♦  Cotnimre  Miilngiiti  and  Durocher^  Gompt.  rend.  3&9,  689 '  Dingier,  116,  S 
.f  Compt.  reud.  50^  301}  •,  Zeitooluift  1  analyt.  Chem.  2,  212. 
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I  DiflsolTe  the  componnd  in  hydro cbloric  acid,  add  excess  of  am-  125 
^onia,  then  excess  of  Bolutioti  of  nitrate  of  silver,  which  has  been 
mixed  with  so  much  ammonia  that  no  separation  of  chloride  of  sil- 
ver caji  take  place.  All  these  operations  must  he  performed  in  an 
app&ratns  through  which  hydrogen  (washed  with  ammoniacaJ  silver 
Bolntion)  is  passing.  The  precipitated  silver  is  finally  determined 
as  in  124-  i  ®<1-  of  the  same  corresponds  to  1  eq.  Cil,  O  or  Cu,  CL 
The  total  amount  of  the  copper  is  best  determined  in  another  por- 
tion of  the  substance* 

eiXTO  O&OUF. 


VSEOXmE  OF  GOLD — BIKOXIBE   OF  FLATIKUK — ^FROTOimK   OF  TIN — 

BINOXmE   OF  TIN — TEROXIDE  OF  ANTIMOHY — (aKTIMONIC   ACLd) 
ABSENIOUS   ACro ARSENIC   ACID. 

L  Sepabation  of  the  Oxides  of  the  Sixth  Group  from 
THE  Oxides  of  the  first  Five  Groitps, 

§  1*54. 

Indis  : — ^Tbe  Ncm.  refer  to  tbose  in  the  nuasln. 
Ocld.  from  the  oxides  of  Gioups  L— HI.,  126, 131. 
♦*  IV.,  tm,  139,  131. 

"  diver,  121>,  146. 

*»  mercurr,  129,  131,  141. 

•*  lead,  139,  150. 

"  copper,  120,  131, 

"  bifimnth,  129,  131, 160. 

•*  cadmiaiii,  129,  lai. 

tlaUmm  from  the  oxidea  of  Groups  I  —III. ,  12fl, 
"  ^*  IV,,  126,  130,  13$. 

"  Bilver,  130. 

«*  mercmry,  130,  132. 

**  lead,  130. 

•*  copper,  ISO.  132. 

*»  bismuth,  130,  132. 

•*  cwrlmium,  130,  132, 

Tin  from  the  orideB  of  Groapa  h  and  IL,  126,  134,  140. 
"  ^*  III.,  126,  134. 

"  rino,  126,  128,  133,  134, 

**  mangimejie,  126,  128,  134 

••  nickel  Mid  cobalt,  136,  128,  133,  134, 139. 

••         iron,  laa,  12a 

•*  wlver,  127,  128,  183,  130. 

**  mercoiy,  127,  128,  133. 

"  l«Ad,  127,  128,  lJi3,  139. 

"  copp4?r,  127,  128,  133,  134,  139. 

«  biflmtith,  137,  128. 

•*  cadmimn,  127,  128,  133. 
Antimon$f  from  the  oxides  of  Gronpe  I,  and  II. ,  126,  140. 

m.,i2e. 

"  Einc,  126,  12a 

"  mangrauese,  126,  128. 

••  nickel  and  cobalt,  126,  128,  138,  139. 

«*  iron,  120,  128,  137. 

*•  fiilvftr,  127,  128,  130. 

"  mercury,  127,  128,  135,  147. 

"  lead,  127.  128,  139,  149. 

*♦  copper,  127,  128,  187. 

**  bismuth.  127,  128. 

**  Cftdmium,  127,  128. 
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Ar»eme  from  oxides  of  Group  L,  198, 140, 144, 145. 

IL,  126,  im.  140. 144, 145, 14a. 
"  ^*  lit,  126,  148,  141 

"  «i»c,  126,  128,  186,  142,  144,  145. 

'«  nuuffuime,  Idft.  138, 136.  142,  14S,  144, 145. 

**  nickel  and  cobftlt,  126, 128, 136,  1S8, 180.  142, 

148.  144,  145. 
"  iron,  126,  128,  136,  187,  142,  143,  144. 

•♦  eUver,  127,  128,  136,  139,  144, 

»*  mercmy.  127,  J28,  136.  144,  147. 

"  lead,  127,  128,  136,  189,  142,  144,  14a 

"  copper,  127,  128,  136,  137.  189,  142, 148,  144. 

*«  tnomuth,  127,  128,  136,  144. 

«*  ciMimiuni,  127,  128,  186,  143,  144. 

A-    General  MeUiods, 

1.  MetJwd  bated  upon  the  Prtdpitaiion  of  the  Oidd^  of  ^ 
Sixth  Group  frotn  Acid  Solutiom  by  Sulphuretted  Mydrogm. 

All  Oiides  op  the  Sixth  Group  from  those  of  the  first 
Four  Gboups. 

Conduct  into  the  acid  ♦  solution  aulphuretted  hydrogen  in  exoasa,  186 
and  filter  otf  the  precipitated  sulphides  (correBponding  to  the  oxides 
of  the  sixth  group). 

The  points  mentioned  06,  a,  ^,  and  y  must  also  be  attended  to 
here,  A  a  regards  7,  antimony  and  tin  are  to  be  inserted  between 
cadmium  and  mercury,  in  the  oi'der  of  metals  there  give^i-  With 
respect  to  the  particular  conditions  required  to  secure  the  proper 
precipitation  of  certiun  metals  of  the  sixth  group,  I  refer  to  Section 
IV*     I  have  to  rt^mark  in  adtlition : — 

ft.  That  sulphuretted  hydrogen  fails  to  separate  arsenic  acid  from 
oxide  of  zinc,  as,  even  in  presence  of  a  large  exee^  of  acid,  the 
whole  or  at  least  a  jx^rtion  of  the  zinc  precipitates  with  the  arsenic 
fta  Zn  8,  As  fig  (Wohler),  To  secure  the  separation  of  the  two 
bodies  in  a  solution,  the  arsenic  acid  must  first  be  converted  into 
araenioua  acid,  by  heating  "with  stjlphiirous  acid,  before  the  sulphu- 
retted hydrogen  is  conducted  into  the  fluid. 

3,  That  in  presence  of  antimony,  tartaric  acid  Rhould  be  add 
u  otherwise  the  sulphide  of  antimony  will  contain  chloride, 

2.  Method  based  upon  the  Sofubilky  of  the  Stdphidea  of  MetaU 

of  t!te  Sixth  iTTmtp  in  Stdphides  of  the  Alk<di  MelaU* 
a*  Thb  Oxides  of  Group  VI.  (with  the  exception  of  Gold  and  187 
Platinum)  from  those  of  Group  V. 

Precipitate  the  acid  solution  with  sulphuretted  hydrogen,  paying 
due  attention  to  the  directions  given  in  Section  IV.  under  the 
heads  of  the  several  metals,  and  also  to  the  remarks  in  126-  Tl*© 
preci[*itate  consists  of  the  sulpHdes  of  the  metals  of  Groups  V. 
and  VI,  Wash,  treat  immediately  aft-er  with  yellow  sulphide  of  am- 
monium in  excess,  and  digest  the  mixture  for  some  time  at  a  gen- 
tle heat ;  filter  off  the  clear  fluid,  ti-^at  the  residue  again  with  sul- 
phide of  ammonium^  digest  a  short  time,  repeat  the  same  operation, 
if  necessary,  a  third  and  fourth  time,  filter,  and  wash  the  rttsiduary 
sulphides  of  Group  V.  with  water  containing  sulphide  of  ammo* 
mum.     If  protosulphide  of  tin  is  present,  some  flowers  of  Bulphur 
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muist  be  abided  to  the  sulphide  of  ammoniiiin,  unless  the  latt<er  be 
very  yellow.  lu  presence  of  copper,  the  sidphide  of  wMch  is  a  lit- 
tle soluble  in  [merely  waruij  sulplude  of  ainmomum,  [boil  a  abort 
time  or]  nsti  sidphitle  of  Hodiiim  instead.  However,  this  substitu- 
tkm  can  be  made  only  in  the  absence  of  meremy,  since  the  sulphides 
^  tlmt  metal  are  soloble  in  sulphide  of  Hoibxim. 
I  Add  to  the  alkaliue  liltrute,  gnuliially,  hydrochloric  acid  in  small 
ioDH,  until  the  acid  predominates ;  allow  to  subside,  and  then 
^Iter  off  the  sidphides  of  the  metaU  of  the  sixth  group,  which  are 
mixed  with  gidphur. 

ScHKEtDER*  states  that  he  failed  in  effectiiig  complete  separation 
of  bisulphide  of  bismuth  from  bisolpliide  of  tin  by  digestion  with 
sulphide  of  potassium,  but  succeeded  ui  liccomplishiug  that  object 
by  conducting  8ul|iliijretUfd  hydrogen  into  the  potassa  solution  of 
tartrate  of  teroxide  of  bismuth  mid  protoxide  of  tin  (which  decom- 
pose ijito  binoxide  of  bismuth  and  buioxide  of  tin). 

If  a  solution  contains  much  arsenic  acid  in  presence  of  small 

quantities  of  copper,  bismuth,  <S:c.,  it  is   convenient  to  precipitate 

these   metals   (together  with  a  very  small  amount  of  sulphide  of 

"^   mnc)  by  a  bnef  treatment  with  sidphuretted  hydrogen.     Filter, 

ct  the  precipitate  with  sulphide  of  aiiimoniiim  (or  sulphide  of 

potaadum),  acidify  the  solution  obtained,  mix  it  with  the  former 

^^brate  containing  the  piinci[>al  quantity  of  the  arsenic,  and  pro- 

^B^  to  trciit  further  with  sulphuretted  hydrogen. 

^^%,  The  Oxides  of  Group  VI,  (with  the  exception  of  Gold  and  128 
Platinum)  from  those  of  Groctps  IV.  akd  V. 

a.  Neutralize  the  solution  with  aTTimonia,  add  chloride  of  ammo- 
mum,  if  necessary,  and  then  yeUow  sulphide  of  ammonium  in  ex- 
cess ;  digest  in  a  closeil  flask,  for  some  time  at  a  moderate  heat,  and 
then  proceed  as  in  127*  liepe^ted  dige.stioii  with  fresh  quantities 
of  stilphide  of  ammoninm  is  indispensable.  On  the  filter,  you  have 
the  sulphides  of  the  metals  of  Groups  IV.  and  V.  Wash  with 
water  containing  sulphide  of  ammonium. 

In  presence  of  nickel,  this  method  olfers  peculiar  difficulties; 
traces  of  sulphide  of  mercury,  too,  are  liable  to  pass  into  the  fil- 
trate. In  presence  of  copper  (and  absence  of  mercury),  &oda  and 
aolphide  of  aodium  are  substituted  for  ammoiiia  and  sulphide  of 
ammonium.! 

0,  In  the  analysia  of  solid  compounds  (oxides  or  salts),  it  is  in 
moet  cases  preferable  to  fuse  the  substajice  with  3  parts  of  dry  car- 
bonate of  soda  and  3  of  sulphur,  in  a  covered  porcelain  cnicible, 
over  a  hunp.  When  the  contents  are  com|detely  fused,  and  the  ex- 
oeas  of  sulphur  is  volatilia^ed,  the  mass  is  allowed  to  cool,  and  then 

♦  AnnaL  d.  Chem.  u  Pharm.  lUl,  64. 

f  The  acounicy  of  this  method  has  been  called  in  questdon  by  Bloxam  (Quart 
Jour.  Chem.  Soc,  5, 110).  That  chemii^t  found  that  sulphide  of  ammoniam  failB 
to  separate  small  quantities  of  bisulphide  of  tin  from  lar^^e  qaan titles  of  sul- 
phide of  mercury  or  sulphide  of  cadmium  H  :  100) ;  and  that  more  especially 
the  separation  of  copper  from  tin  and  antimony  <iwlao  from  arsenic)  by  tbia 
methcMi  is  a  failure,  aa  nearly  the  whole  of  the  tin  remaina  with  the  copper.  The 
latter  statement  I  cannot  confirm,  for  Mr  Lucius,  in  my  lAborotory,  has  suc- 
ceeded in  separating  copper  from  tin  bj  meiins  of  yellowish  sulphide  of  sodium 
oompletely  ;  but  it  is  indispensable  to  ingest  three  or  four  times  with  snfiioiently 
Itag^  quAntities  of  the  solvent)  as  stated  in  the  text. 


tseated  with  water,  wLicli  dkaolves  the  sulphosalts  of  the  metg^la  of 
the  sixth  group,  leaving  the  sulphides  of  Groups  IV.  and  Y.  iindi»- 
■olyed.  Bj  this  means,  eren  ignited  biao?[ide  of  tin  maj  be  readily 
tested  for  iron,  kc^  and  the  amo\mt  of  the  admixture  determined 
(H.  Boas).  The  solution  of  the  sulphosalta  ifi  treated  as  in  187* 
In  the  presence  of  copper,  traces  of  tlie  sulphide  may  be  disaoWed 
with  the  sulphides  of  Group  YL  Occasionally  a  little  sulphide  ol 
iron  dissolves,  coloring  the  solution  green.  In  that  case  add  some 
chloride  of  ammonium,  and  digest  till  the  solution  has  turned  jellow, 

B.  Special  Methods, 

h  InmiubUiiy  of90mB  Mtiids  oftka  SiaUh  (rnmp  in  Atidi, 

a.  Gold  from  Metals  of  Groups  IY.  akd  Y,  ts  Aixora* 

ou  Boil  the  alloy  with  pure  nitric  acid  (not  too  concentrated),  or,' 
ftooofding  to  circumstances,  with  hydrochlorio  acid.  The  other 
metals  dusolye,  the  gold  ia  left-  The  alloy  must  be  reduced  to  fil- 
ingSy  or  rolled  out  into  a  thin  sheet.  If  the  aUoy  were  treated  with 
eoiioeiitrated  nitric  acid,  and  at  a  temperature  below  boiling,  a  little 
gold  might  dissolye  in  consequence  of  the  co-operation  of  nitrous 
acid.  In  the  presence  of  silver  and  lead,  this  method  is  only  appli- 
cable when  they  amount  to  more  than  80  per  cent.,  since  otherwise 
they  are  not  completely  dissolved.  Alloys  of  silver  and  gold  con- 
taining less  than  80  per  cent  of  silver  are  therefore  ftised  t<:»gether 
with  3  parts  of  lead,  before  they  are  treated  with  nitric  acid.  The 
residuary  gold  is  weighed ;  but  its  purity  roust  be  ascertained,  by 
dissolving  in  cold  dilute  nitrohydrochloric  acid,  not  is  concentrated 
hot  acid,  as  chloride  of  silver  also  is  soluble  in  the  latter. 

At  the  Mint  Conference  held  at  Yienna  in  1857,  the  following 
process  was  agreed  upon  for  the  mints  in  the  several  states  of  Ger- 
many. Add  to  1  pMl  of  gold,  supposed  to  be  present,  2^  parta  of 
pure  silver ;  wrap  both  the  alloy  and  the  silver  in  paper  together, 
and  inti'oduce  into  a  cupel  in  which  the  requisite  amount  of  lead 
is  just  Rising.*  After  the  removal  of  the  lead  (by  absorption),  the 
button  of  gold  and  silver  is  flattened,  by  hammering  or  rolling,  then 
ignited,  and  rolled  ;  the  rolls  are  treated  first  with  nitric  acid  of 
V2  8p.  gr.,  afierwai'ds  with  nitiic  acid  of  1*3  sp.  gr*,  rinsed,  ignited, 
and  weighed,  f 

(3,  He^t  the  alloy  (previously  filed  or  rolled)  in  a  capacioua  pla- 
tinum dihh  with  a  mixture  of  2  parts  pure  concentTateil  sulphuric 
aoid  and  1  part  water,  until  the  evolution  of  gas  has  ceased,  and  tlie 
sidphuric  acid  begins  to  Tolatilize ;  or  fuse  the  alloy  with  bisul- 
phate  of  potassa  (H.  Eose).  Separate  the  gold  from  the  sulphates 
of  the  other  metals,  by  treating  the  mass  first  with  cold,  finally  with 
boiluig  water.  It  is  advisable  to  I'epeat  the  of>eration  with  the 
separated  gold,  and  ultimately  test  the  purity  of  the  latter, 

y.  The  methods  given  in  a  and  j3  may  be  united,  t.tf.,  the  cii- 
pelled  and  thiuly-rolled  metal  may  be  first  warmed  with  nitric  acid 

*  If  the  weighed  sample,  say  Q  S5  grai ,  oocitains  OMKI|  sold,  8  grm,  of  l^d 
are  required;  if  92-^5,  4gTUL  ;  if  875-75,  5  grm.  ;  if  75-60,  6  grm. ;  if  a(MI6, 
7  grm. ;  if  leas  than  35,  8  grm. 

I  Kutwt-  nad  GewerbeUatt  t  Baiem,  1857.  151 ;  Chem,  Centralbl  1857,  WTj 
V  lyt  Centralbl.  1857,  1151,  1471,  1639. 
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of  1*2  8p,  gr.,  then  thoitjughly  washed,  the  gold  lx)iled  5  miinites 
witli  cowcentrated  sulphuric  acid,  washed  agaiu,  and  ignited  (AIas- 

CJUCZINI,  BUGATTl). 

6.   PLATIXUM  FttOM  MeTALS  OF  GbOUPS  IV,  AND  V.,  IN  AlLOYS. 

The  aejjaration  is  effected  by  treating  with  sulphuric  acid,  or,  bet- 130 
ter  still,  with  bi^ulphate  of  potasya  (129,  f^)  J  hut  not  with  nitric 
acid,  as  platinum  in  allojB  will,  under  certain  circiuuBtanceB,  dia- 
aolve  in  that  acid* 

2.  Separatmn  of  Gold  hi  ihe  metaUic  statt. 

Gold  frok  all  Oxides  of  Groups  I, — V.,  with  the  exception 
of  Oxide  of  Lead  and  Oxide  op  Silver. 

Precipitate  the  hydrochloric  acid  solution  with  oxalic  acid  aa  di-  131 
rected  §  1211,  6,  7,  or  with  sulplmU*  of  iron,  §  1U3^  6,  a,  and  tilt-er 
otf  the  gold  when  it  has  completely  sepiii-ated.      Take  care  to  add  a 
ftufEcient  quantity  of  hydiocliloric  acid  to  prevent  oxalatea  insolu- 
ble in  water  precipitatiug  along  with  the  gold,  for  want  of  a  solvent, 

3.  Predpiiation  of  PUUlnum  aa  PotoJUfio-  or  Ammonio-hicfdo  - 

rule  of  Piailnvtiv. 

Platinum  from  the  Oxides  of  Groufs  IV.  and  V.,  with  the 
exception  of  Lead  and  Silver. 

Precipitate  the  platinum  with  chloride  of  potassium  or  chloride  132 
of  amxnonixim  as  directCHl  JJ  1 1^4,  and  wash  the  precipitate  thoroughly 
with  spirit  of  wine,  llie  platin\un  prepared  from  the  precipit^ited 
ammonium  or  potassium  salt  is  to  be  tested  after  being  weighed,  to 
Bee  whether  it  yields  any  metal  (especially  iroe)  to  fuaing  bisul- 
phate  of  potassa. 

4.  Separation  of  Oxides  inaoluMe  in  I^itric  Add, 

<i.  Tin  from  Metals  of  Grouts  IY.  and  V,  (not  from  Bismuth, 
Iron,  or  Manganese*)  in  Alloys. 

Treat  the  finely  divided  alloy,  or  tlie  metalUc  powder  obtained  133 
by  reducing  the  oxides  in  a  stream  of  hydrogen  with  nitrio  add,  as 
directed  §  12(i,  1,  a.  The  ti  Urate  contains  the  other  metals  as 
nitrates.  As  binoxide  of  tin  is  Lialde  to  retain  traces  of  copper 
and  lead,  you  must,  in  an  accurate  amdysis,  test  an  aliijuot  part  of 
it  for  these  bodies,  and  determine  tlieir  amount  as  directed  UBj^^- 

BatTNNER  reoommends  the  following  course  of  proct^tidiug,  Uy 
which  the  presence  of  copper  in  the  tin  may  be  etiectually  guainled 
against.  Dissolve  the  aUoy  in  a  mixture  of  I  part  of  nitiic  acid, 
4  parts  of  hydrochloric  acid,  and  5  parts  of  water ;  dilute  the  solu- 
tion largely  ^ ith  water,  and  heat  gently.  Add  crystals  of  carbon* 
at^  of  soda  until  a  distuict  precipitate  has  formed,  and  IhuL  (In 
presence  of  copp^er^  the  precipitate  must,  in  this  operatiun,  cluinge 
from  its  original  bluish-green  to  a  bi*owu  or  black  tint.)  When 
the  fluid  him  W^n  in  ebullition  some  10  or  15  minutes,  allow  it  to 
cool,  and  then  add  nitric  acid,  drop  by  di'Op^  until  the  reaction  is 

*  If  the  alloy  of  tin  containd  bimnutli  or  mangraneaei,  there  remains  wtth  the 
hbioxide  of  tin  always  teroxiile  of  blsmath  or  sesquioxide  of  tn&ti^nese^  which 
cannot  bo  extracted  by  nitric  acid  ;  if  it  oontaioA  iron«  on  the  contrary,  ^onie 
btnoxidd  of  tia  alwajn  dissolves  with  the  iroti,  and  oiiunot  be  separated  eren  by 
rep<?»ttjd  eTaporationiH  fioae,  Pogg  Annnl.  cxii  109,  170,  172). 
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distioctlj  add ;  digest  the  precipitate  for  lereroJ  hoiirs,  when  ii 
fibould  have  acquired  a  pur^  white  color.  The  binoxide  of  tia 
thoB  obtained  is  free  from  copf>er ;  but  it  maj  contain  some  iron, 
which  can  be  remoTed  as  directed  in  ISS,  ^> 

Before  the  binoxide  of  tin  can  be  considered  pure,  it  must  be 
tested  aJso  for  silicic  add,  as  it  frequently  retains  traces  of  this  sul*- 
staiiee.  To  this  end,  an  aliquot  part  is  fdaed  with  3^ — 4  parts  of  cjiT- 
bonate  of  soda  and  potaasa,  the  fused  mass  boiled  with  liiiter,  and  tli6 
solution  filtered ;  hydrochloric  add  is  then  added  to  tht-  filtrate, 
and,  should  silicic  add  separate,  the  fluid  is  filtered  off  fn:»in  this 
gnhetaoce^  The  tan  is  then  predpitated  by  sxdphuretted  hydrogim, 
and  the  sUidc  add  still  remaining  in  the  filtrate  is  determined  m  the 
usual  way  (§140).  If  hydrochloric  acid  has  produ  ced  a  p  redpi  Ut«?  of 
silicic  add,  the  last  filtration  is  efiected  on  the  same  filter  (Khittkl*)  . 

h,  Antimoxy  from  thx  Metals  of  Gboups  IT.  asd  V.  m 
Alloyb. 

Proceed  as  in  a,  filter  off  the  predpitate,  and  oonTert  it  by  igni- 
tion into  antimoiiiate  of  teroxide  of  antimony  (§  125,  2).  Kemlts 
only  approximative,  as  a  little  teroxide  of  antimony  dissolves. 
Alloys  of  antimony  and  lead,  containing  the  former  metal  in  ex- 
oeas,  should  be  previously  fused  with  a  weighed  quantity  of  ptire 
lead  (VARREHTBAPFt)*      i^^  Tookey,  Joum,  C^em.  Soc  xv,  464.] 

5.  J^redpUation  of  BinoxU^f  of  Tin  hy  Xmttral  SalU  (e.  g., 
JSuiphate  of  Soda)  or  by  Suiphunc  AeidL 

Tin  from  thb  Oxides  of  GBotips  L,  U^  III. ;  albo  from  Pro- 

TOXIDB    of   MaXGAKESE,    OxiDE   OF   Zilfil\    PROTOXTDBS   OF   KlCKEL 

AND  Cobalt,  Oxide  of  Copper  (Teroxide  of  Gold), 

Precipitate  the  hydrcichloric  acid  solution,  wliich  must  contain  134 
the  tin  entirely  as  binoxide  (bichloride),  according  to  §  126,  1,  6, 
by  nitrate  of  ammoiiia  or  sulphate  of  soda  (Lowenthal),  or  by  sul- 
phuric acidj  whidi,  H.  Rogjc  says,  answers  equally  well*  Alloys 
are  treated  as  follows : — First,  oxidize  by  digestion  with  nitric  acid ; 
when  no  more  action  take*  plaoe^  evaporate  the  greater  porti<»n  of 
the  nitric  acid  in  a  |K^»n'elaiu  diah,  moisten  the  mass  with  strong 
hydrochloric  acid,  and  nfU'V  balf  an  hour  add  water,  in  which  the 
metiichloride  of  tin  and  the  other  chlorides  dis$K>lve.  Alloys  of  tin 
and  gold  ai-e  dissolved  in  aqua  regia,  the  excess  of  acid  evaporatedp 
and  tbe  Bohitiou  dihited  with  much  water,  before  precipitating 
with  sulphuiic  acicL 

It  must  he  remembered  that  in  this  process  any  phosphoric  acid 
that  may  be  present  is  precipitated  entirely  or  partially  with  the 
binoxide  of  tin.  After  the  precipitate  has  been  well  waahed  by 
decantation,  LiJwENTiLiL  I't^commenJs  to  boil  with  a  mixture  of  1 
part  nitric  acid  (sp.  gr.  1'2)  and  9  parts  water,  then  to  transfer 
to  the  tilter,  and  wu*ih  thoroughly,  liesults  vei^  satijsfactory.  If 
the  fluid  contains  st^^quioxide  of  iron,  a  portion  of  the  latter  always 
faUs  duwii  with  the  tin.  Hence  the  binoxide  of  tin  must  be  tested 
for  iron  according  to  128,  ^t  and  if  present,  its  amount  must  be 
determined  and  deductecL 


•  Chem.  CentralbL  1857,  920. 


f  Diiigler*B  polyt  Joum.  158|  318. 
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6,  TMclnhUity  of  Sulphide  of  Mwrcury  in  JTi/drocMorie  Ac%d. 
Meacury  fkom  Antimoky» 

Digest  the  precipitated  sulphidea  with  moderately  strong  hydro- 185 
chloric  acid  in  a  diatilliug  appamtuH.  The  sulphide  of  antimony  difi- 
aoItcss,  whiJe  the  sulphide  of  mercury  rema-iiiH  behind.  Expel  all 
the  hydrosidjihuric  acid,  then  add  tartaric  acid,  diliitt\  filter,  mix  the 
filtrate  with  the  tlistiliate  which  contains  a  little  antimoiiy,  and  pre- 
cipitate with  8ulphur<:»tted  hydrogen.  The  snlphide  of  mercury  may 
,b©  weighed  as  Huch  (F.  FlEU>*). 

7.  C&twersion  of  Arsenic  and  Anthnony  into  Alkedine  Atm- 

nuUs  aiid  AntimoniaU, 

a*  Aesenic  from  the  Metals  and  Oxides  of  Groltps  II,,  lY., 
Ain>  V. 

If  yon  have  to  do  with  arsenitea  or  arseuiates,  fuse  with  3  parts  136 
of  carbonate  of  soda  and  potastia  and  I  part,  of  nitrate  of  potassa ; 
if  an  alloy  has  to  l>e  analyzed  it  is  funed  with  3  |mrts  of  carbonate 
of  so<ia  and  3  parts  of  nitnite  of  potassa.  In  either  case  the  residue 
is  boiled  with  water,  and  the  solution,  which  contains  the  arseniates 
of  the  aikaliefi,  filtered  from  the  undissolved  oxides  or  carbonates, 
!nie  arsenic  acid  is  detf^rmined  in  the  filtrate  as  directed  §  127,  2.  If 
the  quantity  of  arsenic  is  only  f*mall,  th«3  fusion  may  be  effected  in  a 
platinum  cnicible  ;  but  if  more  cotLsiilentble,  the  process  must  be 
conducted  in  a  porcelain  crucible,  as  plaiiuom  would  be  iiijuiiously 
Jiifected  by  it*  In  the  latter  case,  beiir  in  mind  that  the  fused  mass 
is  contaminated  with  silicic  acid  and  alumina.  If  the  alloy  contains 
much  arsenic  a  small  quantity  may  be  readily  lost  by  volatilization, 
even  though  the  operation  be  cautiously  conducted.  In  such  a  caae, 
therefore,  it  is  better  first  to  oxitlize  with  nitric  acid,  then  to  evapo- 
rate, and  to  fuse  the  i^etddue  aa  above  directed  with  carbonate  of  aoda 
and  nitrate  of  potassa. 

6,  Arsemc  ant>  AyriMoxY  from  Coffer  Aia>  Iron,  especially 
in  ores  containing  sulphur. 

Difiuse  the  very  finely  pulverized  mineral  through  pnre  solution  137 
of  pot&Bsa,  and  conduct  chlorine  into  the  fluid  (comp.  p.  ^27,  vl,  b)* 
The  iron  and  copper  separate  b»  oxides,  the  solution  contains  sulphate, 
arseniate,  andantimoniateof  pot^issa  (Rivot,  Beudant,  and  DAOUiNf)* 

c.  Arsekk:  axd  Antimony  from  0»balt  akb  Kickel. 

Dilute  the  nitric  acid  solution  \^ith  water,  add  a  large  excess  of  13S 
hsotaflaay heat  gently,  and  conduct  chloiiue  into  the  fluid  until  the  pre* 
cipitate  is  black.    The  solution  contains  the  whole  of  the  arsenic  and 
antimony,  the  precipitate  the  nickel  and  coljalt,  in  form  of  sesqui- 
oxida  (Rivot,  Beudant,  and  BAaurN,  loc.  ck,) 

di    VoUUility  of  certain  Chlorides  or  Metals, 

o.  TiK,    Antimony,   Aesekic    from    Copper,    Silver,   Leap, 

COBAJ^T,  NirEEL. 

Treat  the  sulphides  with  a  stream  of  chlorine,  proceeding  exactly  139 


•  Quart.  Joam.  Chem,  Soc*  12,  33. 

f  Compt.  tend,  la^,  835  -  Joum.  1  prakt,  Chem.  61,  13^ 
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as  directed  in  119*  In  presence  of  anttmonj,  fill  the  tubes  J?  mid 
J^  (fig.  68)  with  a  solution  of  tartaric  acid  in  water,  mixed  with 
hydrochloric  acid.  The  metala  maj  be  also  s(*parated  hy  this  tnethod 
in  alloys.  The  alloy  must  be  very  finely  divided.  Arsenical  aliors 
are  only  very  slowly  decomposed  in  this  way.  If  tin  and  oopfjer  aro 
separated  in  this  manner,  according  to  the  expeneuce  of  H.  Rose,*  a 
small  trace  of  tin  remains  with  the  chloride  of  copper.  [See  To*:iE£T, 
Joum.  Chem.  Soc.  xv.,  466.] 

L  BixoxrDE  OF  Trsf,  Teroxidb  of  Abttimony  (and  also  Asm- 
xoNic  Aero),  Arsiinious,  aitd  ABSESnc  Accoa,  from  Aleaues 
AJn>  AtKALiy^  Eabths. 

Mix  the  solid  compound  with  5  parta  of  pure  chloride  of  am- 140 
monium  in  powder,  in  a  porcelain  crucible,  cover  this  with  a  concave 
platinum  Hd,  on  which  some  chloride  of  ammonium  is  sprinkletl,  and 
ignite  gently  until  all  chloride  of  anunonium  is  driven  off;  mix  tbe 
contents  of  the  crucible  with  a  fresh  poi-tion  of  that  salt,  and  repeat 
tbe  operation  until  the  weight  remains  constant.  In  this  process^  the 
chlorides  of  tin,  antimony,  and  arsenic,  escape,  leaving  the  chlorides 
of  the  alkaline  and  alkaline  earthy  metals.  The  decomposition  jiro- 
ceeda  most  rapidly  with  alkaline  salts.  With  regard  to  alkaline 
earthy  salts  it  is  to  be  observed  that  those  which  contain  antimonic 
acid  or  binoxide  of  tin  are  generally  decomposed  complet4?ly  by  a 
double  ignition  with  chloride  of  ammonitim  (magnesia  alone  cannot 
be  sepai-ated  perfectly  from  antimonic  acid  by  this  method).  The 
alkaline  earthy  araeniates  are  the  most  troublesome ;  the  baryta, 
strontia,  and  lime  salts  usually  require  to  be  subjected  5  times  to  the 
o|>er»tioii,  before  they  are  free  from  arsenic,  and  the  arsciiiate  of 
magnesia  it  is  impossible  thoroughly  to  decompose  in  this  way  (H. 
BOfiEf). 

c,  Merc  tjRY  FROM  Gold   (Silver,    ajtd  o£^'EBJLLLY  from  thk 

NON-VOLATIl£    MkTALs), 

Heat  the  weighed  alloy  in  a  porcelain  crucible,  ignite  till  the  141 
weight  is  constant,  and  determine  the  mercury  from  the  loss.  If  it 
is  desired  to  estimate  it  directly,  the  ftpj>aratus,  fig.  50,  p.  222,  may 
be  used.  In  cases  where  the  separation  uf  mercury  from  metals  that 
oxidize  on  ignition  in  the  aii-  is  to  be  etfected  by  this  methodj  the 
operation  must  be  conducted  in  an  atmosphere  of  hydrogen  (p.  181, 
fig.  47). 

9.    VolaiilUf/  of  Sulphide  of  Arsenic. 
Arsenic   Ac  fd  from  the  Oxides  of  Majtgajtese,  Iron,  Zmc, 
Lead,  Copper,  Nukel,  Cobalt  (not  op  Silver,  Aluminum,  or 

MAfiNESlTTM), 

ilLx  the  arsenic  acid  compound  (no  matter  whether  it  has  bec^n  142 
air-it fied  or  gently  ignited)  with  sulphur,  and  ignite  under  a  good 
draught  in  an  atmosphere  of  hydrogen  (p.  18 1^  fig,  47;  the  pei^ 
forated  lid  must  in  this  case  be  of  porcebiin)<  The  whole  of  the 
arsenic  volatilises,  the  sulphides  of  magimese,  iron,  seine,  lead,  and 
copper  remain  bebiud ;  they  may  be  weighed  directly.  Aft«r  weigb- 
ing,  add  a  fresli  quantity  of  suljjhur  to  the  residue,  ignite  as  beforei 


4 
4 


*  Pogg.  AmiaL  112,  109. 


t  Ibid  73,  582  J  74,  578  ;  112,  178. 


OXmK  OP  fflMKTP  Tf. 

L  agiixi;  repeat  thk  tupen^^oik  until  tbe  weight  retoiiins 
ecmstani.  Usually,  if  the  oompound  waa  i&tiinateljr  mixed  wiUi 
the  Bulphar,  the  eonversioii  of  the  anieniiite  into  sulphide  ia  com- 
plete after  the  first  ignition.     Results  very  good. 

In  separating  nickel  the  analjst  will  remember  that  the  residue 
cauinot  he  weighed  directlj^  since  it  does  not  po^ess  a  constant  com:- 
^position  ;  hence  the  ignition  in  hydrogen  maj  be  saved  ;  arseniatd 
of  nickel  loflee  all  its  arsenic  on  being  simply  mixed  with  sulphur  and 
heated.  The  heat  should  be  moderate  and  continued,  till  no  more 
red  sulphide  of  arsenic  is  visible  on  the  inside  of  the  porceUin 
crucible.  It  h  advisable  to  repeat  the  operation.  The  separation  of 
jumnic  from  os^bcdt  cannot  be  completely  efi'ected  in  this  manner  even 
hy  repeated  treatment  with  sulphur,  but  it  can  be  effected  by  ojddiz* 
iug  the  residue  with  nitric  acid,  evaporating  to  dryness,  mixing  with 
sulphur,  and  re-igniting.  Smaltine  and  cobaltine  must  be  treated  in 
the  same  manner  (H.  Ross*).  I  should  not  forget  to  mention  that 
KltKT.lfKy,f  a  long  while  ago,  noticed  the  separation  of  arsieuic  acid 
&om  aesquioxide  of  iron  by  ignition  in  a  stream  of  sulphuretted  hy* 
drogen. 

10.  Separation  of  Arsenic  as  Arsenietfe  of  Magnetia  and 
Ammonia* 

■^^Mnc  Xcw  FROM  Oxide  op   Copper,  Oxibb   of   Cadmittm, 

H^^^PZIBB   OF  I&OK,  PAOTOIIDE   OF    ^IaNGAX£SE,    PROTOXIBE   OF 

'IficKKL,  Protoxide  of  Cobalt,  Alumixa. 

Mix  the  hydrochloric  acid  solution,  which  must  contain  the  whole  143 
of  the  arsenic  in  the  form  of  arsenic  acid,  witli  enough  tartaric  acid  to 
prevent  pre4!ipitation  by  ammonia,  precipitate  the  arsenic  acid  accord- 
ing to  §  127, 2,  as  arseniate  of  magnesia  and  ammonia,  allow  to  settle, 
filter,  wash  once  with  a  mixture  of  3  parts  water  and  1  part  ammonia, 
redissolve  in  hydrochloric  acid,  add  a  very  minute  quantity  of  tar- 
taric acid,  supersatui-ate  again  with  ammonia,  allow  to  deposit,  and 
determine  the  now  pure  precipitftte  according  to  §  127,  2.  In  the 
filtrate  the  bases  of  Groups  TV.  and  V.  may  be  precipitAterl  by  stilphide 
of  ammonium ;  if  aluioina  is  present,  evaporate  the  solution  tillered 
from  the  sulphides  with  a^Wition  of  carbonate  of  soda  and  a  little 
nitre  to  dryness,  fuse,  and  estimate  the  alumina  in  the  residue.  The 
method  is  more  adapted  to  the  separation  of  rather  large  than  of  very 
Bomall  quantities  of  arsenic  from  the  above  named  oxides,  since  in  the 
case  of  small  quantities  the  mitiute  portions  of  arseniate  of  magnesia 
and  ammonia  that  remain  in  solution  may  exercise  a  coiisiderabla 
influence  on  the  accuracy  of  the  result.  [See  Editor^s  note  to 
§135e,a.] 

11.  Sepa/ration  of  Arsenic  as  Arsmiiomolyhdaie  of  Amymonia^ 
AxflExio  Acid  froh  all  Oxides  of  Groups  I. — Y. 

Separate  the  arsenic  acid  as  directed  in  §  127,  2^  h ;  long  continued  144 
heating  at  100^  is  indispensable.     The  determination  of  the  bases  is 
most  convenientiy  elfected  in  a  special  portion  (oomp.  %  135,  k.) 

•  Zeitfldirift  f  anal.  Cliem.  1,  413. 

t  Anal,  de  Chim.  et  de  Phys.  (3)  xiv*  081 


3^6 


SBPARATIOir, 


12.  ImoluUUty  of  ArmmuH  of  JSe$quioxid0  of  Iron. 
Absenic  Acid   fhosi  the  Bases  of  GaouM  I.  Asru  n.,  am) 

PBOM  OxtDE   OF  ZofC,  AXD  THJS  PbQTOXIPES  OF  MaJHOASISSK^  NiCKEL, 

ANT>  Cobalt. 

Precipitate  the  araenic  add,  acx;ording  to  circimistanoes,  as  di- 146 
reeled  §  127,  3,o  or  6,  filter,  and  determine  the  bases  in  the  filtrate,       ~ 

13.  Methods  haneil  upon  Oke  IneduhUUy  of  9ome  Chlonda^ 
fl.  Silver  from  Gold* 
Treat  the  alloy  with  cold  dilute  nitrohydrochJoric  acid,  dilut<»,  iinti  146 

filter  the  solution  of  the  terchloride  of  gold  fiN>m  the  tindissolved 
chloride  of  silver.  This  methtKl  ia  applicable  only  if  the  alloy  con- 
tains less  than  15  per  c**nt.  of  silver  ;  for  if  it  contains  a  largfr 
proportion,  the  chloride  of  silver  which  forma  protects  the  unde* 
cooijxised  part  from  the  action  of  the  acid.  In  the  same  way  silver 
may  be  sepajTited  also  from  platinum, 

b.  Ox  TUB  OF  Mercury  from  the  Oxyoek  CoicFoum>s  or  Avssmc 

and  A\TiMoiri\ 

Precipitate  the  mercury  from  the  hydrochloric  solution  by  means  147 
of  phosphorous  acid  as  siAchloridtj  (§  H'^,  2,  «).     The  tartaric  acid, 
whit'h  in  tlie  presence  of  antimony  must  be  added,  does  not  inter- 
fere with  the  reaction  (H,  Rose*). 

14.  IiwolubUity  of  certmn  Su^phai^^  in  Water  or  ^yirU  cf 

Wine. 

a.  Arsenic  Acid  fkom  Baryta,  Strontta,  Lime,  and  Oxide  of 
Lead. 

Proceed  as  for  the  separation  of  phosphoric  acid  from  the  same  148 
oxides  (g   135,  h).     The  compounds  of  these  bases  with  ar«enious 
acid  are  first  converted  int'O  arseniates,  before  the  sulphuric  acid  is 
added  ;  this  conversion  is  effected  by  heating  the  hydrochloric  acid 
solution  with  chlorate  of  potassa, 

6.  Antimony'  from  Lead. 

Treat  the  alby  with  a  mixture  of  nitric  and  tartaric  acids.     The  148 
solution  of  both  metals  takes  place  rajJidly  and  \*^th  ease,     Preci-     J 
pitate  the  greater  part  of  the  lead  as  sulphate  (§  1 16,  3),  filwr,  pr€^     f 
cipitnt*;*  with  suljihui-etted  hydrogen,  and  treat  the  sulphides  ao- 
cording  to  128  >*'ith  sulphide  of  ammonium,  in  order  to  separate 
the  antimony  fi-om  the  lead  left  unprecipitated  by  the  sulphuric  actd 
(A.  STKENOf ). 

15.  I}iffereni  d^oriment  with  Cyanide  of  PotnBsitt^t, 
Gold  from  Lead  and  Bismuth. 

These  metals  may  lie  separated  in  solution  by  cyanide  of  potassii] 
in  the  same  way  in  whicli  the  separation  of  mercury  from  lead  and 
bismuth  ia  efl'ected  (see  109).  The  solution  of  the  double  cyanide 
of  gold  and  potaiivsium  is  decomposed  by  boiling  with  aqua  n^giai 
and,  after  expulsion  of  tlie  Ijydrocyanic'acid,  the  gold  determined 
by  one  of  the  methods  given  m  ^  1:23, 


•  Pogg.  AnnaL  110^  5M, 


t  Ding,  polyt  Joujil  151,  889. 
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IL    SXPAKATION  OP  THE   OxiDES   OP  THE  SiXTH   GrOUP  FBOM  EACH 

OTHER. 

§  165. 
/fute .- — TbQ  No«w  refer  to  ttioee  in  the  margiiL 
PdUinum  from  gold,  151,  102, 

**  tin,  antimony,  and  arsemc,  152. 

<?oW  from  platinum,  151,  162. 
*»  tin,  152,  101. 

**  iintimony  and  aiBenic,  152. 

Tkk  fsom  plntiniiiD,  153, 
"  gold,  134,  152,  161, 

"  araenic,  153,  157,  L5S,  160,  163. 

**  antimony,  154,  159,  160. 

Protoxldo  of  tin  from  the  binoxidej  lOd. 
AnHmofiy  from  platinum  nnd  gold,  152. 
**  areenic,  154,  155,  158, 

"  tin,  154,  159,  100. 

Teroxide  of  antimony  frora  untimonici  Acid,  165. 
Ar»^7iic  from  platinum  and  gold,  152. 

tin.  im,  167, 168,  160,  163, 
''  antimony,  154.  15-5,  158. 

AiBenioua  acid  from  arstmic  add,  156,  164, 

1.  Precipitation  of  Platinum  cti  PotatfdohicMoride  of  PkU- 

inum. 

Pl*ATINUM   FROM   GOLO. 

Precipitate  from  the  aolntion  of  tbe  clilorides  the  platinum  as  di- 161 
rected  §   124,  6,  and  detenniue  the  gold  in  the  filtrate  as  directed 
8  123,  6, 

2.  YiilatUity  of  ths  Chl^dea  of  the  inferior  Metals, 
TvKTisim  Ayn  Gold  prom  Tm,  Antimont,  akd  Arsenic. 

Hetit  tho  finely  dividf?d  alloy  or  the  sulphideB  in  a  streanx  of  chlo-158 
nne   gaa.     Gold  and  jdatiniira  are  lefl,  the  chlorides  of  the  other 
m^tala  volatilize  (compare  50)- 

3.  Voic^Ui^  of  Arsmiic  and  Termijfthide  of  Arsenic 
o.  Arsshio  from  Tin  (H.  Rose). 

Convert  into  snlphidefi  or  into  oxides,  dry  at  lOO^'jand  beat  a  168 
weighed  portion  with  addition  of  a  little  sulphur  in  a  bulb-txil)e  or 
traj,  g^iitly  at  first,  but  gradually  more  strongly,  conducting  a 
fltreamof  dry  sulphuretted  hydrogen  gaa  througli  tbe  tube  during 
the  operation.  Sulphur  and  tei-sulpliide  of  arsenic  volatilize^  sid- 
pliide  of  tin  is  left.  The  tersulphide  of  arsenic  is  receivi^d  in  U- 
tabe«  containing  dilute  auunonia,  which  are  connected  with  the 
bulb-tube,  in  the  nmnner  described  m  119.  When  upon  continued 
application  of  heat  no  sign  of  further  syblimation  m  observed  in  the 
colder  part  of  the  bulb-tube,  drive  otf  the  subhmate  which  bus  col- 
lected in  the  bulb,  allow  the  tul)e  to  cool,  and  then  cut  it  oti'  above 
the  coatiiig.  Divide  the  separated  portion  of  tbe  tube  into  pieces, 
and  heat  these  with  a  Httle  solution  of  soda  ujitil  the  sublimate  ia 
dissolved  ;  unite  tbe  solution  with  the  ammoniacal  fluid  in  the  re- 
Biver,  add  hydrochloric  acid,  then,  without  filtering,  chlorate  of 
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potasaa,  and  heat  gently  imtil  the  tersiilphide  of  Arsenic  i«  complete- 
ly dissolved.  Filter  from  the  sulphur,  and  determine  the  arseoie 
a&  directed  §  127,  2,  The  quantity  of  tin  cannot  be  calculntcd  at 
once  from  the  blackish  brown  sulphide  of  tin  in  the  bulb,  since  this 
contains  more  sulphur  than  corresponds  to  the  formula  Sn  8,  It  is 
therefore  weighed,  and  the  tin  determined  in  &  weighed  portion  of 
it,  by  converting  it  into  bin  oxide,  which  is  etfected  by  inoistening 
with  nitric  acid,  and  roasting  (§  126,  1,  c). 

Tin  and  arsenic  in  alloys  are  more  conveniently  converted  into 
oxides  by  cautious  treatment  with  nitric  acid.  11^  however,  it  is 
wished  to  convert  them  into  siil]>kides,  this  may  readily  be  effected 
by  heating  1  part  of  the  finely  divided  alloy  with  5  parta  of  car* 
boimte  of  siida,  and  5  parts  of  sulphur,  in  a  covered  porcelain  cni- 
citle,  untD  the  mass  is  in  a  state  of  cahn  iiision.  It  is  then  dis- 
solved in  water,  the  solution  filtered  from  the  snljthide  of  iron,  to, 
which  may  possibly  have  formed,  and  the  filtrate  precipitated  with 
hydrochloric  acid. 

If  the  tin  only  in  the  alloy  is  to  be  estimated  directly,  while  the 
arsenic  is  to  be  found  from  the  difference,  convert  as  above  directed 
into  sulphides  or  oxides,  mix  with  sulphur  and  ignite  in  a  porcelain 
crucible  with  perforated  cover  in  a  stream  of  sulphuretted  hydro- 
gen* The  reaidiml  arsenic-free  protosxilphide  of  dn  is  to  be  con- 
verted into  binoxide  and  weighed  as  sucL 

4.  MelJiods  based  upon  tlis  inscluhilUy  of  Aniimoniaie  of  Soda, 

a,  Antikony  frosc  Tix  ajtd  Aksektc  {H,  Kobe). 

If  the  giibstanee  is  metallic,  oxidixe  the  finely  divided  weighed  154 
sample^  in  a  porcelain  crucible,  with  nitric  acid  of  1^4  sp*  gr.,  adding 
the  acid  gradually.  Dry  tiie  masH  on  the  water-bath,  transfer  to  m 
Bilver  crucible,  rinsing  the  last  pai*ticles  adhering  to  the  poroehuB 
into  the  silver  crucible  with  solution  of  soda,  dry  again,  add  ei^t 
times  the  bulk  of  the  mass  of  solid  hydrate  of  soda,  and  fuse  for 
some  time.  Allow  the  mai?a  to  cool,  and  then  treat  with  hot  water 
until  the  uiicliKsolved  rpsidue  presents  the  appearance  of  a  fine 
powder ;  dilute  with  some  water,  and  add  one  third  the  volume  of 
alcohol  of  O'Sii  sp.  gr.  Allow  the  mixture  to  stand  for  24  hours, 
witli  frequent  stirring ;  then  filter^  transfer  the  last  adhering  parti* 
cles  from  the  cnicible  to  the  filter  by  rinsing  with  dilute  spirit  of 
wine  (1  vol.  alcohol  to  3  vol.  water),  and  wash  the  undissolved 
residue  on  the  filter,  first  with  spirit  of  wine  coutaining  1  vol.  alco- 
hol to  2  vol.  water,  thea  with  a  mixture  of  equal  volumes  of  alcohol 
and  water,  and  finally  with  a  mixture  of  3  vol.  alcohol  and  1  vol. 
water.  Add  to  each  of  the  alcoholic  fluids  used  for  wasliing  a  few 
drops  of  solution  of  carbonate  fif  soda.  Continue  the  washing 
until  the  color  of  a  portion  of  the  fluid  running  off  remains  imal* 
tered  upon  l>eing  iiciditied  with  hydrochloric  acid  and  mixed  Wltll 
sulphuretted  hydrogen  water- 
Rinse  the  antiuioiiiate  of  soda  from  the  filter,  wash  the  latter 
with  a  mixture  of  hydrochloric  and  tartaric  acids,  dissolve  the  aa^ 
timoniate  in  this  mixtum,  precipitate  with  sulphuretted  hydrogen, 
and  determine  the  antimony  as  directed  §  12*^,  L 

To  the  fi.1  trate,  which  contains  the  tin  and  arsenic,  add  hydit>- 
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cliloric  Jicid,  which  produces  a  precipitate  of  arseniiite  of  hinoxide 
of  tin  ;  coDduct  now  into  the  uiifiltered  fluid  sidphuretted  hydrogen 
for  some  time,  allow  the  mixture  to  Btancl  at  rest  until  the  odor  of 
that  gas  has  almost  conjplet€*ly  gone  o^\  and  aepaiate  the  weighed 
sulphides  of  the  metals  which  contain  fi-ee  nuiphur,  as  in  153* 

If  the  substance  contains  only  antimony  and  arsenic^  the  alco- 
holic filtrate  is  heated,  with  repeated  addition  of  water,  until  it 
searcely  retainB  the  odor  of  alcohol ;  hydrocMoric  acid  ia  then 
Added,  and  the  anuf^uic  acid  determined  as  arseiuate  of  magnesia 

"  ammonia  (§  127,  2). 

Small  quantities  of  the  sulphides  of  arsenic  and  antimony 
mixed  with  sulphur  are  often  obtained  in  mineral  analysis.  Tbo 
two  metals  may  in  tlm  case  be  conveniently  separated  as  follows: 
Oxidize  the  precipitate  with  chlonne-free  red  fuming  nitric  acid, 
evaporate  the  solution  neaily  to  dr^Tiesa  ;  mix  the  residue  with  a 
copious  excess  of  carbonate  of  soda,  add  some  nitrate  of  8oda,  mid 
tren,i  the  fused  mass  as  given  in  a.  If,  on  the  other  hand,  you  have 
A  mixture  of  sulphides  of  tin  and  mitiniony  to  analyze,  oxidize  it 
with  nitric  acid  of  1*5  sp,  gr.,  and  treat  the  residue  obtainetl  on 
evaporation  as  given  in  a, 

5,   Prrcipitatwn    of    Arsenic    ca     AraenicUe    of  Amvionia- 

a.  Absenic   from  ANTmoN\% 

Oxidhee  tlie  metals  or  sulphides  with  nitrohydrocMoric  acid  or  166 
hydrochloric  acid  and  chlorate  of  potassa,  or  with  chlorine  in  alka- 
line aolution  (p.  327 j  ^1»  ^A'^  ^^^^  tartaric  acid^  a  large  quantity  of 
ckloride  of  ammonium,  and  then  ammonia  in  excess.  (8hould  tlie 
addition  of  the  latter  reagent  produce  a  precipitate,  this  is  a  proof 
that  an  insufficient  quantity  of  chloride  of  ammonium  or  of  tartaric 
acid  has  been  used,  which  error  must  l>e  coixected  before  proc^^eding 
with  the  analysis.)  Then  precipitate  the  arsenic  acid  as  directed 
§  127,  2,  and  determine  tlie  antimony  in  the  filtrate  aa  flii-ected 
in  §  125,  L  As  basic  tiu'trate  of  nuignesia  might  jirecipitat^  with 
the  arseniate  of  magnesia  and  ammonia,  the  pn^icipitate  should 
always,  after  slight  waidiing,  be  redisssolved  in  hydrochloric  acid, 
and  the  solution  repi^ecipitatcd  ^ith  ammonia.— An  exceOeiit 
method* 

b.  Ars^nious  AriD  FROM  Arsf^ic  Acid. 

Mix  the  suificiently  dilute  solution  with  a  large  quantity  of  chIo-166 
ride  of  ammomum,  precipitate  the  arsenic  acid  as  directed  §  127^  2, 
and  determine  the  arsenioiis  acid  in  the  tOtrate  by  precipitation 
with  sulphuretted  hydrogen  (g  127, 1).  Lfdwig*  has  observed  that 
if  the  solution  is  too  concentrated,  arsenite  of  magnesia  falls  down 
with  the  arseniate  of  magnesia  and  ammonia,  hence  it  is  neoessary 
jkci  disaolve  the  weigheil  magnesia  precipitate  in  hydroohlonc  acid 

"  teat  the  solution  with  sulphuretted  hydrogen.    The  presence  of 

BniouB  acid  will  b«  betrayed  by  the  immediate  formation  of  a 

cipitate. 


•  Aiohiv  far  Fhana  07,  24, 
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c;  BnfoxiDS  of  Tin  from  Absenic  Acid  (Lenssem-*). 

The  oxides  obtained  by  oxidation  with  oitric  acid  arc  digesitedlBl 
with  ammonia  and  yellow  sulphide  of  ammonium,  and  the  aiisetuc 
precipitated  from  the  clear  soltitioii  according  to  §  127,  2,  aa  aniem- 
ate  of  magnesia  and  ammonia.      On  acidifying  the  filtrate  the  tm 
separates  aa  bisulphide. 

6,  Behavior  of  the  Sulphides  towards  BimtlphiU  of  Patasm^ 

Arsenic  from  Antimost  astd  Tut  (Bt^SENf), 

If  fi-esbly  precipitated  sulphide  of  arsetuc  is  digested  with  sul-158 
phurous  acid  and  sulphite  of  potassa,  the  precipitate  is  disolved ; 
on  boiling,  the  fluid  becomes  turbid  from  separated  mtlphur,  which 
turbidity  for  the  most  part  disappeArs  again  on  long  boiling*  TTie 
fluid  contains,  after  exj>ulsion  of  the  sulphurous  acid,  arseaute  and 
hyposulphite  of  potassa. 

[2  Aa  S,-h8  (K  O,  2  S  0,)=2  (KO,  A8  0,)-h6(K  O,  a,O,)+S,+7S0j 

The  sulphides  of  antimony  and  tin  do  not  exhibit  this  reaction. 
Both  therefore  may  be  separated  from  sulphide  of  arsenic  by  pr^ 
cipitating  the  solution  of  the  three  sulphides  in  s\ilj>hide  of  potas- 
sium with  a  large  excess  of  aqueous  sulphurous  acid,  digesting  the 
whole  for  some  time  in  a  water-batli,  and  then  boiling  till  tw{w 
thirds  of  the  water  and  the  whole  of  the  sulphurous  acid  are 
pelled.      The  residuary  sulphide  of  antimony  or  tin  is  ajrsemo-i 
the  filtrate  contains  the  whole  of  the  arsenic  and  may  be 
ately  precipitated  with  sulphuretted  hydrogen,     Bitnsew  determines 
the  arsenic  by  oxidizing  the  drioti  sulphide  together  with  the  filter 
with  fuming  nitric  acid,  diluting  the  solution  a  little,  warming  gef%- 
tly  \^^th  a  little  chlorate  of  potassa  (in  order  to  oxidize  more  ftif 
the  substances  formed  frora  the  pajM^r),  and  finally  precipitatLog 
arseniate  of  magnesia  and  ammonia. 

With  regard  to  the  separation  of  sulphide  of  tin  from  the  solu- 
tion of  arsenite  of  potassa  it  is  to  be  observed^  that  the  sulphide 
of  tin  must  be  washed  with  concentrated  solution  of  chloride  of 
sodium,  aa^  if  water  were  used^  the  Huid  would  run  through  tur* 
bid.     As  soon  as  the  precipitate  is  thoroughly  washed  with  the  chlo- 
ride of  Rotliuni  solution^  the  latter  is  disf)lacetl  by  solution  of 
tate  of  ammonia,  containing  a  fllight  exceas  of  acetic  acid< 
last  washings  must  not  be  added  to  the  first,  as  the  acetate  of 
monia  liinders  the  complete  precipitation  of  the  arsenioua  acid 
sulphuretted  hydrogen. 

The   test-analyses   adduced  by  BujrsEir  show  very   satisfactory 
results. 

7»  Methods  based  upon  the  Separntion  of  the  MelnU  \ 

or  on  the  different  J}ej)ortmeiii  of  the  same  m?i//*  Adds, 

a.  Tor  FROM  AjfTiMOifY  [TooKEY,f  Classen  |]. 

[Tlie  alloy  or  mixtui"e  must  contain  8 — 10  times  as  much  tin  as  159 
antimony.    If  need  be,  add  a  weighed  amount  of  pure  tin,  to  estab- 
lish this  proportion. 


n 


•  Annal.  d.  Chem,  n.  Phann.  lU,  116. 
I  Joum,  Chem,  Boo.  xt,  4G2. 


i  rtiid.  106,  8. 
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The  metaiii  aw  dissolved  in  hydrocliloric  acid  and  a  Iftt le  nitrit?  acid, 
tlie  suhition  is  heated  nearly  to  boiling,  and  ill  en  pitino  wire  (solu* 
ble  without  residue  in  acids)  added  little  by  little  as  long  as  any  iron 
diflsolvea.  It  is  necessary  that  no  exceBs  of  metallic  iron  remain. 
Therefore,  wheJi  all  the  antimony  apfjoars  to  be  thrown  down  and 
all  the  iron  dissolved,  add  a  little  hytlroehlonc  acid,  and  after  the 
precipitate  has  settled,  pour  oif  the  clear  liquid  and  observe  whether 
iron  will  prfxluce  any  further  precipitation.  It  is  thua  ea^sj  to  be 
oertain  that  all  the  antimony  is  separated,  and  that  it  is  unmixed 
with  metallic  iron.  Wjish  the  antimony  with  hot  water  to  which 
at  first  a  few  dropR  of  hydrochloric  acid  are  added.  Finally,  dis- 
place the  water  that  adheres  to  the  precipitate  by  meauB  of  al>8olute 
alcohol,  and  the  latter  by  a  few  drops  of  ether,  and  dry  at  100'*. 
The  tin  ^3  sejmrated  from  the  filtrate  by  sTiljjhuretted  hytlrogen.] 

h.  MurH  Tin  PfiOM  little  Antimoj^y  axd  Arsenic. 

If  an  alloy  of  the  three  metala  is  treated  in  a  very  finely  divided  100 
condition  in  a  stream  of  carbonic  acid  with  etrong  hydrochloiic 
acidy  the  whole  of  the  tin  dissolves  to  protochloride.  A  part  of 
the  arsenic  and  antimony  eacapes  as  arsenetted  and  antimonetted 
hydrogen,  whilst  the  rest  remains  behind  in  the  state  of  metal,  or,  aa 
the  case  may  he,  of  a  solid  combination  with  hydrogen.  Uonduct 
the  gas  through  several  U-tubeSj  ooutedning  a  little  chlorine-free 
red  fuming  nitric  acid,  whereby  the  arsenic  and  antimony  will  he 
oxidized.  When  the  solution  is  effected,  dilute  the  contents  of  the 
flask  with  air-free  water  to  a  certain  volume,  mix,  allow  to  settle 
and  determine  the  tin  in  an  aliquot  part,  either  gravimetrically 
or  volumetrically.  Filter  the  re^  of  the  fluid,  wash  the  pi'ecipitate 
thoroughly,  dry  the  filter  with  its  contents  in  a  porcehiin  crucible, 
add  the  contents  of  the  U-tubes,  evaporate  to  dryn4*Ks,  and  in  the 
residue  sej^iarat'e  the  antimony  and  arsenic  as  directed  154- 

c.  Tin  fhom  Gold, 

Gold  may  be  separated  from  excess  of  tin  by  hoiling  the  finely  Ifll 
divided  alloy  with  only  slightly  diluted  sulphuric  acid,  to  which 
hydrochloric  acid  has  been  cautiously  addeiL  Tlie  tin  dissolves  as 
protochloride,  ICeat  is  applied  till  the  Bulplmrie  acid  begins  to 
volatilize  copiously.  Binoxide  of  tin  is  formed  which  dissolves  in 
the  concentrated  sulphuric  acid,  while  the  gold  remains  l>ehind.  On 
addition  of  much  water,  the  binoxide  of  tin  falls,  mixed  with  tinely 
divided  gold,  in  the  form  of  a  pmrple-red  precipitate.  On  warming 
with  concentrated  sulp^huric  acid  the  binoxide  of  tin  finally  redis- 
•olves  while  the  gold  is  left  pure  (H.  Rose*), 

if.  Platinum  from  Gold, 

The  aipia  regia  solution  is  freed  as  far  as  possible  from  nitric  acid  168 
by  evaporation  >\ith  hydrochloric  acid,  and  treated  with  a  aolution 
of  prtjtochloride  of  iron,  the  gold  lK?ing  detenuined  as  dirc^cted  § 
123,  6.      llie  platinum  may  be  precipitate  from  the  filtrate  by  sul- 
pburetted  hydrogen  according  to  g  124,  c. 

8.  PrecipiUUion  of  Tin  cw  ArMnitUe  of  the  J^irwrntU, 
Tin   from  Arsenic. 
K.  HaffelyI  has  proposed  the  following  method  of  determin- 


•  Fogg.  AjumL  112,  170. 
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ing  both  the  tin  and  the  arBenic  in  commercial  atannat^  of  soda,  lfl8 
whioh  often  contains  a  large  admixture  of  arseni a t-a  of  soda.  Mix  a 
weighed  sample  with  a  known  quantity  of  arseniate  of  soda  in  excess, 
add  nitric  acid  aliio  in  excess,  boil,  filter  off  the  precipitAt^  which 
has  the  composition  2  8n  C).„  As  O^-f  10  aq,,  and  wash;  ex|»el 
the  water  by  ignition,  and  weigh  the  residue,  which  consiste  of  2  3n 
0„  Ab  Oft.  In  the  filtmt-e  d»^t-ermine  ihvi  excess  of  arsenic  acid  aa 
directed  |  127,  2.  The  amoimi  of  the  binoxide  of  tin  is  found  from 
the  weight  of  the  precipitate,  that  of  the  arsenic  acid  ia  obtain wl 
bj  adding  the  quantity  in  the  precipitate  to  the  quantity  in  the  fil- 
trate, and  deducrting  the  quantity  added. 

9.    Tolumetri4i  Methods, 

a.  Arsekious  from  Arsenic  Acid. 

Convert  the  whole  of  the  arsenic  in  a  portion  of  the  sabatance  164 
into  arsenic  acid  and  determine  the  total  amount  of  this  as  directed 
§  127,  5,  b  ;  determine  in  another  piortion  the  arsenious  acid  as  di- 
rected in  §  127,  6,  a,  and  calculate  the  arsenic  acid  from  the  dif- 
ference. 

k  Teroxiue  op  Aktimont  pkom  Aktimokic  Acid, 
Df  t^miine  in  a  aample  of  the  substance  the  total  amount  of  the  186 
antimony  as  directed  §  125,  1,  in  another  portion  that  of  the  t*Tox- 
ide  as  directed  §  125,  3,  and  calculate  the  antimonic  add  from  the 
differenoe. 

C    pROTOXrOE   OF   TiK    IN    PRESENCE   OF   BiNOXIDE.  ^ 

In  one  portion  of  the  substance  convert  the  whole  of  the  protoi- 16 J 
ide  into  binoxide  by  digestion  with  chlorine  w^ater  or  some  other 
means^  and  detf;rniine  the  total  quantity  of  tin  as  directed  §  126, 
1,  fc/  in  another  portion,  which,  if  necessary,  is  to  be  dissolved  in 
hydrochloric  actd  in  a  strc^am  of  carbonic  acid,  determine  the  pro- 
toxide according  to  §  126,  2. 

XL  SEPARATION  OF  TILE  ACEDS  FROM  EACH  OTHER. 

It  must  not  be  forgotten  that  the  following  methods  of  separation 
pfcceed  generally  upon  the  assumption  that  ihe  acids  exist  either 
m  the  fi-ee  state,  or  in  combination  wdth  alkaline  baaes ;  compare 
the  introductory  remarks,  p.  837^  Where  several  adds  are  to  be 
detennined  in  one  and  the  same  substance,  we  very  often  use  a  sep- 
arate portion  for  e>ach.  The  methods  here  given  do  not  embrace 
every  imaginable  case,  but  only  the  most  important  cases,  and  iLote 
of  most  frequent  occurrence. 

FIRST   GROUP. 

AMSEmOVB  ACID— ARSEKIG  ACID— CHROMIC  ACtD — eULPHUlltG  ACtP— 

PHOSPHORIC   ACtD BORACIC   ACID OXALIC  ACID — ^HYDROFLUOEIO 

ACID — SILICIC   ACID CARBONIC  ACID. 


§    166. 

1.  Arsejhous  Acid  and  Arseisic  Acid  frox  xll  other  Acids. 
Procipit»t«  the  arsenic  from  the  solution  by  means  of  sulphuretted  167 
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hydrogen  (§  127,  4,  «  or  6)^  filter,  and  determine  the  other  acid  a  in 
the  filtrate.  It  must  he  remembered,  that  the  tersulphide  of  arsenic 
will  be  obtained  mixed  with  sulphur  if  chromic  acid,  sesquioxide  of 
iron,  or  any  other  substances  which  decompose  sulphuretted  hydro- 
gen are  present. 

From  those  acids  which  form  soluble  salts  with  magnesia,  arsenic 
acid  may  be  separated  idso  by  precipitation  aa  arseniate  of  magnesia 
and  ammonia  as  directed  §  127,  2. 

2.    StTLPHURIC   Aei0    FROM   ALL   THE    OTHER  AciDS. 

Oaoatic,  Siliei^^  and  Om'honic  Acids. "* 

Acidify  the  dilute  solution  strongly  with  hydrochloric  acid,  mix  108 
with  chloride  of  barium,  and  filttT  the  sulphate  of  baryta  fi^m  the 
solution f  which  contains  all  the  other  acids.     Determine  the  sulphate 
of  baryta  as  directed  §  1 32. 

If  acids  are  present  with  which  barj^ta  forms  salts  insoluble  in 
water  but  solublfr*  in  aciils,  the  sulphat*j  of  baryta  is  apt  to  carry 
down  with  it  such  salts,  and  this  is  all  the  more  liable  to  happen, 
the  longer  the  precipitate  is  aOowed  to  settle.  This  remark  applies 
especially  t*^  the  oxalate  and  tartrate  of  baryta  and  the  baryta  salts 
of  other  organic  acids  (H.  Rose).  In  such  cases  I  would  recommend, 
after  washing,  to  at.op  up  the  neck  of  the  funnel,  and  digest  the  pre- 
cipitate with  a  solution  of  bicarbonate  of  soda,  then  to  wash  with 
water,  with  dilute  hydrochioric  acid,  and  again  with  wat«r.  In 
©vteiy  case,  however,  the  purity  of  the  weighed  sulphate  of  baryta 
must  be  tested  as  directed  §  13*3,  1. 

h.  From  Hijdroflwofic  AcUl  in  In»oitible  Compounds^ 
A  mixture  of  sulphat'e  of  baryta  and  fluoride  of  calcinm  cannot  109 
be  decomposed  by  simple  treatment  i^^th  hydrochloiic  acid  ;  the  in- 
soluble residue  contauis,  besides  sulphate  of  baryta,  sulphate  of  lime 
and  fluoride  of  barium.  Tlie  object  in  ^dew  may  be  attained,  how- 
ever, by  the  following  process : — Fuse  the  substance  with  6  parts  of 
carbonate  of  soda  and  potassa^  and  2  parts  of  silicic  acid  ;  allow  the 
\  to  cool,  treat  with  water,  and  add  carbonate  of  ammonia  to  the 
_  Eilution  obtained ;  filter,  wash  the  separated  silicic  acid  with  dilute 
solution  of  carbonate  of  ammonia,  supersaturate  the  filtrate  with  hy- 
drochloric acid,  and  precipitate  with  chluride  of  barium. 

If  you  wish  to  determine  the  fluoride  also,  acidify  with  nitric  acid, 
precipitate  with  nitrate  of  baryta,  then  saturate  with  carbonate  of 
aoda^  and  precipitate  the  fluoride  of  barinm  by  spirit  of  wine.  Wash  a 
long  time,  first  with  spirit  of  wine  of  oO  per  cent,,  then  with  strong 
alcohol ;  dry,  ignite,  and  weigh.  Tlie  insoluble  residue  left  upon 
treating  with  water  contains  the  baryta  tind  lime.  Dissolve  in  hydro- 
chloric acid,  separate  the  silicic  acid,  and  determine  the  bases  as 
directed  §  154  (H.  Rose). 

c.  In  presence  of  a  large  proportion  of  Chromic  Acid, 
Reduce  the  chromic  acid  by  boiling  the  dry  compound  with  oon- 170 
centrated  hydn^chloric  acid  (if  this  process  i;?  conducted  after  p.  258, 

*  With  respect  to  the  aeparation  of  sulphuric  acid  from  salenio  acid,  oomp. 

fohlwiH  (Aimal.  d.  Chem.  u,  Pharm,  114,  1B3). 
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it  givaa,  ftt  the  same  time,  the  quantity  of  the  chromic  add)  ;  dOnte 
the  solution  largely,  aod  precipitate,  first  the  sulphuric  acid  by  adding 
chloride  of  barium  in  slight  excess,  then  the  excess  of  baryta  by  sul- 
phuric acid,  and  lastly  the  fiesquioxide  of  chromium  by  ammoma. 

d,  I^rom  Hydrojiiwsilxcic  Acid.  

Precipitate  the  hydrofluosilicic  acid  aa  directed  §  133,  then  thesul- 171 

phuric  acid  in  the  filtrate  by  baryta. 

3.  Phosphoric  Acid  from  tkb  otkkb  Acids. 

o.  From  the  adds  of  arterUe,  Bee  167 1  from  mdphuna  aeid,  tee  172 

168. 

5.  FVom  Chroffiic  Acid, 

Precipitate  the  phosphoric  acid  as  phosphate  of  magnesia  and 
ammonia  (134,  6).  Determine  the  chromic  acid  in  the  Eltnite  as 
directed  §  1 30,  a,  3,  6,  c,  or  d, 

e,  JFWtn  HoTocie  Add, 

Precipitate  the  phosphoric  acid  with  a  solution  of  cHloflde  of  aii||^17S 
neaitmi  and  chloride  of  ammonium,  and  determine  it  as  pjr^ilicA- 
phate  of  magnesia  (g  134,  b).     Determine  the  boracic  add  in  the 
filtrate  aa  directed  §  136,  I^  c. 
<i.  JFram  Oooalie  Acid, 

et.  If  the  two  acids  are  to  be  determined  in  one  portion,  the  aqueous 
solution  is  mixed  with  scKiio-terchloride  of  gold  in  exoess,heatappliedf 
mud  the  quantity  of  oxalic  acid  present  calculated  from  that  of  Uie 
reduced  gold  (§  137,  c,  a).  The  gold  added  in  excess  is  separated 
from  the  4i Urate  by  means  of  sulphuretted  hydrog»?n,  and  the  phoa- 
phoiic  acid  then  precipitated  by  sulphate  of  magnesia.  If  the  com- 
pound is  insoluble  in  water,  hydrochloric  acid  is  used  as  solvent,  and 
the  process  conducted  as  directed  §  137,  c,  ^. 

13.  If  there  is  enough  of  the  substance,  the  oxalic  acid  is  deter- 176 
mined  in  one  jwrtion  according  to  the  direction  of  §  137,  5  or  </,  and 
the  phosphoric  acid  in  another  portion.  If  the  substance  is  soluble 
in  water,  and  the  quantity  of  oxalic  acid  inconsiderable,  the  pho»- 
phorio  acid  may  be  precipitated  at  once  with  sulphate  of  magnestmi 
chloride  of  ammonium,  and  ammonia  ;  if  not,  the  substance  is  igni- 
ted with  carbonate  of  soda  and  potassa,  which  destroys  the  oxalio 
acid,  and  the  phosphoric  acid  m  determined  in  the  residue, 
c,  Phojsphaie^  from  Fluorides, 
«.    7%e  gtihstante  is  solMe  in  tcater, 

aa.  If  the  substance  contains  a  rdaiivdy  large  quaatity  of  176 
fluorine,  which  will  permit  the  estimation  of  the  latter  frtjm  the 
difierenoe,  precipitate  the  solution  with  exclusion  of  air  by  chlo- 
ride of  calcium  with  addition  of  lime-water  to  alkaline  reaction^ 
allow  to  deposit,  decant  through  a  filter,  wash  the  precipitate^ 
dry,  ignite,  and  weigh.  It  consistB  of  phosphate  of  lime  and 
fluoride  of  calcimn.  Heat  an  aliquot  part  in  a  platinum  vessel, 
with  sulphuric  acid,  until  all  the  fluorine  has  escaj^ed  as  hydro- 
flnoric  acid,  taking  care  not  to  raise  the  heat  to  a  degiee  at 

WTiidi  sulphuric  acid  volatilizes ;  then  determine  the  lime  snd  

the   phosphoric    acid    as    directed  §   135,  6,      By  deducdnf 
phosphoric    acid   and   lime   from  the    total   wei^t  <^ 
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tlie  precipitate,  the  Euorine  is  found  by  the  followiag  propor- 
.tion: — 

The  eq.  of  fluorine  leas  the  eq.  of  oxygen  :  the  eq.  of  fluorine 


■ 

^^^^P  the  difference  found  :  the  Ouoiina  sought, 

^^^^      The  fluorine  niay  be  determined  directly  in  another  aliquot 

^^f        fiart,  by  fusing  it  with  acid  |iyrophos|jhate  of  soda,  aiid  calcula- 

r  ting  the  fluoriue  by  ct>mpaiijig  the  actual  los8  of  weight  with  that 

^^  which  the  pyrophosphate  would  have  Riitfered  if  ignited  alone. 

B        2  (^^< ^  J^^X  I'*'*)  +  t:a  Fi  -  NaO,  PO,  +  NaO,  CaO,  PO, 

H        4-H  Fl  +  HO. 

^H  [bb.  If  the  substance  contains  a  rdntivdy  ^midl  proportion  of  177 

^B        fluorine,  this  aliould  be  determined  directly  by  FuESENIUs'  rae- 

^V         thod,  (182»)  Phosphonc  acid  may  be  estimat^id  in  a  portion  that 

^H         has  been  evaporated  with  sulphuric  acid,  by  molybdic  solution 

w  #. 

[         ** 


#.    The  ^ 


trubsiatice  is  not  mlvble  in  tmter^  but  decomposable  by 
etcuis  (^.<7»,  a[mtite,  bone-ash). 

Dissolve  in  hydrochloric  acid,  evaporate  with  Bulphwric  acid,  as  in  178 
176|  until  the  fluorine  isoompletely  expelled,  and  determine  in  the 
residue  the  phosphoric  acid  on  the  one  band,  the  oxides  on  the  other 
liand.  Now,  if  you  know  the  proportion  between  the  phosphoric 
acid  and  the  bases  in  the  analyzed  compound,  you  may  readily  cal- 
culate the  eijMjlled  fluorine  from  the  excess  of  the  basea,  the  oxygen 
of  the  latter  being  equivalent  to  the  fluorine.  Of  course,  it  ia  taken 
for  granted  that  other  acids  are  absent,  or  are  determined  in  sepa- 
rate portions, 

y.    Tfhe  mtbstance  is  insolubh  in  water  and  not  deeomposahle  by 
acid^t. 

Fnae  with  carbonate  of  soda  and  silicic  acid  as  in  189,  treat  the  179 
^laed  maaa  with  water,  and  the  solution  with  carbonat^^  of  anmionia. 
Yon  have  now  in  solution  the  whole  of  the  fluorine  and  phos|ihoric 
acid  in  combination  with  alkali  (H.  Rose),  and  may  accordingly 
proceed  as  in  176  or  177* 

4.  Fluorides  from  Borates. 

Mix  the  HolutioQ  containing  the  acids  in  eombination  with  alkali  180 
with  some  carbonate  of  soda,  and  add  iw^etate  of  lime  in  excess.  A 
precipitate  is  formed,  which  contuiiLs  the  whole  of  the  fluorine  as 
fluoride  of  calcium,  and  besides  this,  carbonate  and  some  borate 
of  lime ;  the  greater  proj lortion  of  the  latter  having  been  ri*.dissolved 
by  the  excess  of  the  lime  salt  added.  Determine  the  fluoride  of  cal- 
cium in  the  precipitate  as  directed  in  §  1 38, 1,  The  small  quantity 
of  boi*ucic  acid  in  the  precipitate  is,  in  this  process,  partly  volati- 
lized, partly  diajuc^lved,  after  evaporating  the  mass  with  acetic  acid 
and  extracting  with  water.  It  ih  thereft)re  necessary  to  determine 
the  boracic  acid  in  a  separate  portion  of  the  substance  ;  this  is 
ejected  aceording  to  the  directions  of  §  Kiti,  2  (A.  Htuomeyeb*). 

5,  Fluorldes  fbom  Bilicic  Acid  akd  SiLtcATEs. 

A  greftt  many  native  silicates  contain  fluori*ies  :  care  must,  there- 
fore, always  be  taken,  in  the  analysis  of  minerals,  not  to  overlook 
the  latter. 


40$  l^^^^^^V  SEFAmATIOH.  [§  l^ 

If  the  silimtai  ooutaming  fluoride  &re  decomposable  by  ndilft— 
(wliicb  k  only  mraly  ib«  ea»e)^ftiad  tbe  aiHcic  acid  is  a^patmted  ia 
the  iiitUAl  w»y  by  evi|>omtkiti^  the  whole  of  tbe  fluorine  nmj  vobr 

a.  BERJEEUua'a  method. 

Turn  the  elutriated  substance  with  4  parts  of  carbonate  of  Boda^  for  181 
Home  time,  at  a  strong  red  IiRat ;  dig^t  the  mass  in  wnt^^rj  boil, 
filter,  and  waah,  first  with  hoOing  water,  then  with  solution  of  car- 
bonate of  ttDimoTiia,  The  filtrate  contains  all  the  fluorine  aa  fluo- 
Hdi?  of  iwdiutn,  aiid,  beiides  tliisj  carbooate,  ©ilicate,  and  alumina** 
of  Hotk.  Mix  the  filtrate  with  c»rboimte  of  ammonia,  and  hea* 
tl*w  mixture,  replacing  the  carbouate  of  ammonia  which  eva^ 
mtea.  Filter  off*  the  iJi-eeipitat*^  of  hjdrate  of  silicic  acid  and 
hydrate  of  ahunim*,  and  wash  with  cai-bonate  of  aminonia.  Heat 
thr  filtrat-e  until  the  carbonate  of  ammoaia  is  completely  expelled, 
mul  doltirmine  the  fliioriji©  aa  directed  §  138.  To  separate  the 
itibtnc  acid,  dticofiipost*  the  two  precipitatea  with  hydrochloric  arid 

aw  direcU^d  S  Ht>,  11^,  «'* 

k  Wohler's  method  modified  by  Fre^exius.     {Suitable  for  the  188 
Mialvfii^  of  ail  «ilicjit««  and  phosphates  which  are  readily  decomposed 
hysti)phnrif*arid;  tLp&<*  undecomposable  by  this  acid  mua tbe  fluxed*) 

[Tlie  iiuLiHt4Uic5**  must  l>e  n^duced  to  an  impalf*able  powder;  if  not  a 
wilic^Ue,  mixed  intimately  with  10  to  15  time^  its  weight  of  finely  pul- 
vorijtml  quartK,  aiid  deeuin|K>sed  in  a  flask  with />ur^  concentrated  sul- 
[>lvin'iu  Hcid  (wp,  gr,  1*848)  ,  at  a  temperatui'c  not  higher  than  160^ 
itoT  Inwi  r  fhiin  IfMV'  r\  Tin-  fluorine  ia  esttinatcd  by  col]»7etirig  atid 
weigtung  like  liuoride  ot  silicon  thus  evolved  (b^v^sKsum),  or  by 
lo88  (WoHLKR.)  The  former  is  ihe  only  accurate  method,  especialfy 
when  small  quantities  are  to  be  determined.  To  displace  fluoride 
of  silicon  completely  from  the  mixture  evolving  it,  long-continued 
aspiration  of  air  is  necessary.  The  apparatus  needful  consists  of 
a  gasholder  of  20 — 30  litres  capacity,  which  should  be  filled  with  pure 
air  from  out-of-doors ;  of  3  flasks  of  about  250  c.  c.  capacity  each ;  and 
of  8  li^t  U-tubes,  whose  bore  is  12  nmu  and  whose  l^s  are  10 — 12 
cm,  long.  Air  is  forced  from  the  gasholder, — firstly,  throng  a 
flask  half  filled  with  strong  pure  sulphuric  acid,  then  throng  a  XJ- 
Uibe  containing  soda  lime,  and  again  through  a  U-tube  fidled  with 
riass  splinters  moistened  with  strong  sulphuric  acid.  The  air  t^us 
lireed  (rum  water  and  carbonic  acid  is  conducted  to  the  bottom  of  a 
second  flask,  containing  the  substance  under  examination  drenched 
with  a  large  excess  of  sulphuric  acid.  This  flask  stands  over  a 
lamp  upon  a  plate  of  cast>iron,  and  to  judge  of  the  ten4)eratare  of 
its  contents  another  flask  similarly  filled  with  sulphuric  acid,  in 
^Kii^  a  IhenDDometer  is  suspended  by  a  loosely  fitting  cork,  is 
pU<>(!Hi  upon  the  same  iron  plate,  the  lamp-flame  being  stationed  be- 
twv^u  them  and  equidistant  from  both.  The  dry  air  streaming 
thvxHi^  the  decoa^M8ing  flasks  heated  to  150**— 160**  carries  on  flno- 
n%ie  i^^  siiieoa  and  a  Httie  vapor  of  snlphnric  acid,  fiivtlj  into  aa 

»^!^r^^*'  the  ■»€»  acid  may  be  leaovvd  fma  the  fihnte  by  the  twifc- 
1K»««^«  """^^  carbeaal#  ef  awnoaia:  additioa  of  caibcnte  of  siae  and  aamaBia, 
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empty  TJ-tube,  and  then  into  aiiotlier  containmg^  in  the  first  ladf,  fused 
(anhydrxMis)  cMoride  of  calcium,  and  in  the  second  half^  pund«e,  im- 
pregnated with  anhydrou.H  sulphate  of  copp*»r  (p.  289)*  The  pure 
fluoride  of  silicon  is  fimillj  absorbe*!  in  the  thixse  remaining  U- 
tubes,  and  is  estimated  by  their  increase  of  weight.  Of  these  tulies, 
the  fii-Bt  contains,  in  the  leg  next  the  decom|>oaing  tia»k,  pumic?e 
moistened  with  water  between  two  cottoTi  plugs ;  in  the  bend  and 
half  of  the  other  leg,  soda  lime ;  lastly,  fused  chloride  of  calcium  be- 
tween cotton  plugs.  Tlie  weight  of  this  tube  sho\ild  he  40-50  grni. 
To  complete  the  absorption,  the  next  (seventh)  U-tube  is  tilled  half 
with  fused  soila-lime  aud  half  with  fused  chluride  of  calcium ;  and 
the  last  (eighth)  contains  glass  splinters  wet  with  pure  and  strong 
sulphuric  acid,  to  completely  retain  tr&oes  of  water,  which  would 
otherwise  be  carried  oft'  by  the  large  volume  of  heat^  air. 

The  tubes  having  been  carefully  adjusted,  and  made  tight  by 
melting  sealing-waac  over  the  corks,  so  much  aubetance  is  |>laced  in 
the  decomposing  flask  as  to  yield,  if  possible,  O'l  gnu.  of  Huoride 
of  silicon.  If  a  carlxmato  be  present,  this  must  be  removed  by 
heatiDg  the  weighed  substance  Avith  water  and  a  slight  excess  of 
acetic  acid  (in  case  of  ojM^^rating  with  a  fluoride  soluble  in  water,  ace- 
tate of  lime  mu^t  also  be  added).  Aft-er  the  carbonate  is  decom- 
posed, the  whole  hi  evapoi'ated  to  dryness  on  the  wat^r-bath.  The 
residue  is  digested  and  washed  with  water,  dried,  separated  as  well 
as  passible  from  the  filter,  and  mixed  with  the  tiiter-ash.  The  sub- 
stance is  intimately  mixe+I,  if  needful,  ^dth  ignitetl  quartz  powder 
transferred  to  the  decomposing  flask,  the  moKar  being  riuKeil  with 
quartz-powder,  and  drenched  with  4D — 50  c.  c.  of  concentrated  sul- 
phuric acid.  ITie  tlask  is  connected  'with  the  tubes  on  either  side, 
and  with  frequent  shaking  is  gradually  brought  to  a  temj^erature 
of  150^^ — 16U*^  C,  Incipient  decomposition  is  recognized  by  the  rise  of 
gas  bubbles  in  the  heated  liquid  (wkich  ai-e  broken  by  agitation)  as 
well  as  by  deposition  of  silica  in  the  tul>e  containing  moist  jiumice. 
As  soon  as  gas-bubbles  cease  to  aj^pear,  wliich  commonly  happens  af- 
ter an  hour,  when  small  quantities  (n*  1  grm.)  of  a  tluorideare  emjiloyed, 
or  afler  two  to  three  hoursj  when  larger  amounts  (1.0  grm.)  aix>  used, 
the  lamp  is  removed,  th€t  air  current  stopped,  and  the  three  weiglied  ab- 
sorption tubes  are  weighed  again.  Dujing  tliis  ojveration  the  break 
in  the  system  of  tubes  is  su[)plied  by  a  stniighfc  glass  tube.  After 
weighing,  the  three  tubes  are  replaced,  the  deeomposing  flask  is 
heated  again  to  1 50"^- 1 60^  C,,  the  air-current  is  re-established,  and 
the  experiment  contLniied  ^l^  hours.  If  the  tubes  Rufler  no  fur- 
ther increase  of  weight,  the  opoi-ation  is  concluded ;  otherwise  the 
heating,  Ac,  must  be  repeated  until  a  constant  weight  is  obtained. 

For  every  hour  during  which  the  air-current  has  been  passing  the 
apparatns,  deduct  UViW  grm.  from  the  total  increase  of  the  three 
absorption  txibes ;  the  residue  is  fluoride  of  silicon.  This  multiplied 
by  ^^    — j|=Q73077,  gives  the  Euorine.    Results  good.] 

6.  Fluorides,  Silicates,  and  Phospiiates,  ik  paESEV^*  of 
KArH  ornER. 

Native  compounds  of  fluorides,  silicate^,  "-nd  phosphates  are  not  188 
uncommon.     They  are  decompoaeJ  aa  in  181^      Complete  decom- 
position of  the  phosplmtofl  i-  not  always  effected  in  this  process,  be 
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phosphate  of  lime,  for  instance,  is  only  partially  fleconip<'>secl  by  fn- 
aion  with  carbonate  of  sckda,     Theiiolution  rfimaining  afrer  the  re- ^ 
moyal  of  the  silicic  acitl  and  the  volatilization  of  the  carbonate 
unmonia,  contains — -in  preseoce  of  phosphates — besides  tluoride 
sodium  and  carbonate  of  soda,  also  phosphate  of  soda. 

Neutralize  the  fluid  nearly  with   hydrotibloric   acid,  precipitAtelMi 
with  chloride  of  calcium,  filter,  dry,  antl  ignite  the  precipitate,  which 
oonsiats  of  Huoride  of  calcium,  phosphate  of  lime,  and  carl>onate  of 
lime;  treat  tlie  i^aidue  with  acetic  acid  in  excess,  and  evaporate  od 
the  water-baUi  to  drj-ness  and  complete  expulsion  of  the  acetic  acid ; 
extract  the  acetate  of  lime,  into  which  the  carbonate  haa  been  con- 
verted by  the  la«t  operation,  with  water ;  weigh  the  residue,  which 
consists  of  phosphate  of  lime  and  fluoride  of  calcium  ;  and  treat  it 
further  ha  directed   in  17  6»      In  the  original  residue  of  the 
operation  aud  in  the  ]irecipitat-e  thrown  down  by  carbonate  of 
monia,  determine  the  siUcic  acitl,  the  rest  of  the  phosphoric  i 
and  the  bases.     The  method  182  i^ay  also  be  employed  for « 
ing  Euorine. 

7,  Silicic  Acm  from  all  other  Acids. 

«,  In  Compoutids  which  are  decomposed  by  IIi/drocMoric  Acid, 

Decompose  the  substance  by  more  or  less  protracted  digestion  185 
witli  hydrochloric  acid  or  nitric  acid  evaporate  on  the  water-bath*  to 
dryness  (§  140,  II,,  r?),  and  treat  the  residue,  according  to  cireiuii- 
stanoes,  with  water,  hydrochloric  acid,  or  nitric  acid  ;  filt-er  off  the 
residuary  silicic  acid,  and  determine  the  other  acids  in  the  filtmte. 
In  presence  of  boracic  acid  or  fluorine  this  method  is  inapplicable  ' 
and  the  |iroceas  described  in  2>  is  employed  instead.     If  carbonat 
are  pre^sent,  the  carbonic  acid  is  determined  in  a  separate  portion  < 
the  substance. 

K  In  Compounds  which  are  not  dteompoted  by  ITyd\ 
Acid. 
I)ecomiK>8e  the  substance  by  fusion  with  carbonate  of  soda  andlSS 

potajssa  (g  140,  IL,  6,  a),  and  either  tr<»t  the  residue  at  once  cau- 
tiously with  dilute  hydrochloric  or  nitric  acid,  and  the  solution  thus 
obtained  as  in  a  ;  or  boil  the  residue  with  water,  precipitate^  the  dis- 
solved silicic  acid  from  the  solution  by  heating  with  bicarbonate  of 
ammonia,  filter,  and  in  the  ndxetl  residue  and  precipitate  determine 
the  silicic  acid  by  ti'eating  with  hydrochloric  acid  and  pr 
«B  directed  §  140,  II.,  a.,  in  the  filtrate,  determine  the  other 
Which  of  these  two  methods  may  be  preferable  in  {^articular 
depends  upon  the  nature  of  the  bases,  and  upon  the  proportion  wh 
the  silicic  acid  l)ear8  to  the  latter.     In  preisence  of  bonusic  acid 
fluorine,  tbe  latter  method  alone  is  applicable. 

S.  Carbonic  Acid  fbok  all  othzii  Acii>8. 

V\Tien  carbonates  are  heated  with  stronger  acids,  the   carboniclSTj 
acid  is  e^f^^Dt^  •  the  presence  of  carbonates,  tlierefore,  does  not  in- 
terfere with  the  trsdmation  of  most  other  acids.     And  as,  on  tbo 
other  band,  the  ciu-bonic  a«i<i  is  determined  by  the  loss  of  weight  or 
by  combination  of  the  expeiled  pm^  the  presence  of  salts  of  non* 

♦  A  hjifliieir  UmpeaJtiax^  wcwid  tMi  Answer. 


■volatile  acids  does  not  interfere  with  the  determination  of  the  car- 
bonic acid.  Accoi*dinglj,  with  compounds  containing  carbonates, 
sulphates,  phosphat-es,  *tc.,  either  the  carlwnic  acid  is  detennined  in 
one  portion  and  the  other  acids  in  another,  or  both  estimations  are 
performed  oti  one  poi-tion*  In  the  latter  ca.sc  the  process  de- 
scribed p.  293,  €,  may  l>e  used  with  advantage,  the  other  acids  be- 
ing determined  in  the  aolution  i-emaining  in  the  decompoaing  fla«k. 
In  presence  of  fluorides,  one  of  the  weak  n on- volatile  acids,  such  as 
tartaric  acid  or  citric  acid,  must  be  employed  to  expel  the  carbonic 
acid ;  since,  were  sulphuric  acid  or  hydrochloric  acid  used  for  the 
purpov^e,  [)art  of  the  liberated  hydio fluoric  acid  wotild  escape  with 
the  earljonic  acid»  If,  as  ^*'ill  occasionally  happen  in  an  aualyais, 
a  mixed  precipitate  of  fluoride  of  cidcium  and  carbouat^a  of  lime  is 
tlxrown  down  from  a  solution,  the  two  salts  may  be  separated  by 
evaporating  with  acetic  acid  to  dryness,  and  extj-acting  the  residue 
with  water ;  the  acetate  of  lime  formed  from  the  carbonate  is  dis- 
solved^  the  fluoride  of  calcium  is  left  behind^ 

SECOND  GEOUP, 

HYDROCHLORIC    ACID HYDROBROMIC    ACID — HYBRIODIC   ACID 

HYDROCYANIC  ACID — ^HYDROSULPHURIC  ACID, 

I.  Sbparatioic  of  the  Acids  of  the  Secoih)  Group  from 

TBOSK  OF  THE    FiRST. 


§167. 

a.  AU  the  Acids  of  the  Second  Q-rmip  from  those  of  the  First, 
Mix  the  dilute  solution  with  nitric  acid,  add  nitrate  of  silver  in  188 
excels,  and  filter  ofl"  the  iiusoluble  chloride,  bromide,  iodide,  ttc,  of 
silver.  The  filtiTite  coutjiins  the  wholo  of  the  aculs  of  the  tii*8t 
group,  the  silver  salts  of  these  acids  being  soluble  in  water  or  in 
nitric  add.  Carbonic  acid  must,  under  all  circumstances,  \m  deter- 
mined in  a  separate  portion.  The  estimation  may  be  efl^ected  after 
L139,  c^  or  0^  In  the  iirat  case  the  remarks  on  p.  289  must  be 
me  in  mind. 

h.  Sortie  of  the  Acids  of  the  Second  Chofup  from  Adds  of  the 
Flritt  Group. 

As  it  ia  often  inconvenient  for  the  fiirther  separation  of  the  acids  189 
of  the  second  group  to  have  them  all  in  tlie  form  of  insoluble 
silver  comjiounds,  the  analysis  Ls  anme times  eflbct-ed  by  separating 
first.  tJie  acid  of  the  first  gi'oup,  then  tlnit  of  the  second.  If  the 
quajitity  of  disposable  substiince  is  largo  enough,  the  most  con- 
"^eoaiwi  way  generally  is  to  determine  the  several  acids — e,^.,  sul- 
\  acid,  phosphoric  acid,  chlorine,  sulphuretted  hydrogen,  dtc, — 

\  flepftrate  })ortions. 

Of  the  infinite  noni1>er  of  combinations  that  may  present  them- 
nlTeii  we  will  here  consider  oidy  the  most  im|.iortant- 

L  Sulphuric  Acid  may  be  retulily  separated  from  chlorine,  bro-lOO 
mine,  iodine,  and  cyanogen,  by  precipitation  with  a  salt  of  baryta. 
If  the  acids  of  the  second  group  are  to  be  determined  in  the 
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portion,  nitrate  of  baryta  or  aot^tate  of  baiyta  is  used  instead  of  clilo* 
lide  of  barium.  In  preaence  of  8ulpliurette<i  hydr-' "-*-  ^  !l|ibiuie 
acid  cannot  be  determined  in  this  way,  as  part  of  t  i retted 

hydrogen  would  be  converted  inti^  sulphuric  acid  by  lur  ^v.vvgenof 
the  air.  The  error  thus  introduced  inti>  the  process  may  be  vcrr 
coBjaiderable  (Fbesbnics*).  The  sulphuretted  hydrogen  must,  them- 
fore,  first  be  removed  by  addition  of  chloride  of  copper,  and  the  sul* 
phuric  acid  determined  in  the  filtrate ;  or,  Uie  sulphuretted  hydro- 
gen must  be  completely  oxidized  into  sulphuric  acid  by  chlorine,  and 
a  corresponding  deduction  afterwards  made  in  calculating  the  quan- 
tity of  the  sulphuric  acid. 

2,  PuOBPuaEic  Acw  may  be  precipitated  by  means  of  nitr&ts  of  101 
magnesia  and  amtnonia,  after  addition  of  nitrate  of  ammonia ;  OXALii; 
ACID  by  nitrate  of  lime ;  chlorinej  bromine,  iodine,  &c.,  are  deter- 
mined in  the  filtrate. 

9.  Ohlobihb  ijr  Silicatbr. 

a.  If  the  silicates  dissolve  in  dilute  nitric  acid,  precipitate  the  192 
highly  dilute  solution  with  nitrate  of  silver,  without  applying  heat; 
remove  the  excess  of  silver  from  the  filtrate  by  dilute  hydrochloric 
acid,  still  without  applying  heat ;  and  then  separate  the  silido  acid  in 
the  usual  way. 

b.  If  the  silicate  becomes  gelatinous  upon  its  decomposition  with 
nitric  acid,  dilute,  allow  to  deposit,  filter,  wash  the  s^iaxmted,  idHtiie 
acid,  and  treat  the  filtrate  as  in  a. 

c.  If  nitric  acid  fails  to  decompose  the  silicates,  mix  the  subetaaoe 
with  carbonate  of  soda  and  potassa,  moisten  the  mass  with  water, 
dry  in  the  crucible,  fuse,  boil  with  water,  remove  the  dissolved  silicio 
aoid  by  means  of  carbonate  of  anmionia  and  then  precipitate,  after 
addition  of  nitric  acid,  with  nitrate  of  silver  (H,  ilosK), 

4.  CHLORmxa  m  psrokioe  of  Fluorides. 

If  the  substance  is  soluble  in  water,  the  separation  maybeefiectedlj 
as  directed  in  188 ;  but  it  is  more  convenient  to  precipitate  the 
fluorine  vdth  nitrate  of  lime,  and  tlie  chlorine  in  the  filtrate  with 
nitrate  of  silver.     Insoluble  compounda  are  fused  with  carbonate  of 
soda  and  silicic  acid. 

&,   ObLORIKE   in  PREBKKCB  of  FlUOBINB  IK  SlLICATER. 

Proceed  as  directed  18'.     Saturate  tlie  alkaline  filtrate  nearly Ij 
with  nitric  acid,  precipitate  with  nitrate  of  lime,  separate  the  flunridti 
of  calcium  and  the  carbonate  of  lime  as  directed  in  18Tj  *^d  precipi- 
tate the  chlorine  in  the  filtrate  by  nitrate  of  silver. 

6.  Sulphides  m  Siucatks. 

If  the  subBtauce  is  decomposable  by  acids,  retluce  it  to  the  verylSS 
finest  powder,  and  treat  with  fuming  nitric  acid  free  from  sulphuric 
acid  (§  ]  48  H,^  2,  a,  p.  326).  When  the  sulphur  is  completely  oxi- 
dized, dilute,  filter  off  the  silicic  acid,  add  carbonate  of  ammonia  to 
the  filtrate,  to  remove  the  portion  of  silicic  acid  which  may  poesiblj 
have  dissolved;  filter  again,  and  determine  in  the  filtrate  the  iial|>hu* 

^  Joara.  f.  prakt.  Chem.  70,  9. 


lea,] 


ACIP8  OF  OaOUP    II. 


411 


acitl  formed.     If,  on  the  contrary,  the  substance  Is   not  de*- 

omposable  by  acids,  fuse  with  4  parts  of  carbonate  of  soda  and  1 

;  of  nitrate  of  potassa,  boil  the  fiis^nl  nisiSH  with  water,  filter,  re- 

iiOTe  the  dissolved  aiLieic  acid  from  the  filtrate  by  carl)oiiate  of  am- 

(  181),  filter  again,  antl  determine  in  the  filtrate  the  stilphu- 

)  acid  produced  from  the  sulphur. 

iSupplenient, 

J,AyALVSlS    OF    COMFOUNDS,    »:ONTAININO    SuLPHIDES    OF    THE    AlKALI 

ilKi  vi.s,  AMI   Alkaline   CarbokateSj    Sulphates,  a>'d   Hypo- 

#I7LPHIT£S. 

§  168. 

The  following  method  wa«  first  employed  by  G.  WEKTHER*in  the  196 
Eamination  of  gunpowder  residues. 
Put  the  substance  into  a  flask,  add  water,  in  which  a  sufficient 
|uiuatity  of  carbonate  of  cadmium  f  is  suspended ;  cork,  and  shake 
>  vessel  well.  The  sulphide  of  the  alkali  metal  decomposes  com- 
pletely with  the  carbonato  of  cadmium.  Filter  the  yellowish  pi^cipi- 
s  (^,  and  treat  it  with  dilute  acetic  acid  (not  with  hydrochloric) ; 
I  carbonate  of  cadmium  dissolves,  the  sulphide  of  cadmium  is  left 
ndiasolved.  Oxidize  the  latter  vnth  clilonite  of  pottissa  and  nitric 
cid  (p.  327),  and  pi'ecipitate  with  chloride  of  barinm  the  sulphu- 
ic  acid  formed  from  the  sulphide. 

Heat  the  fluid  filtert^d  fmm  the  yellow  precipitate,  and  niix  with 
[>lution  of  neutral  nitrate  of  silver.  The  precipitate  thrown  down 
by  that  re-agent  consists  of  carbonate  of  silver  and  sulphide  of  silver 
(K  b,  8AH-Ag  O,  N  0,^K  O,  8  0,-f- Ag  S+N  O,).  Remove 
[le  former  salt  by  means  of  ammonia,  and  [ireeipitate  the  silver  from 
tie  ammoniacal  solution-— after  acidi tying  with  nitric  acid^by  means 
bf  chloride  of  sodium.  Each  I  eq.  chloride  of  silver  so  obtained  cor- 
[jnds  Ui  1  e«p  carbonate. {  I)isstilve  the  sulphide  of  silver  in 
lilute  boiling  nitric  acid,  determine  the  silver  in  the  solution  as 
laride  of  silver,  and  calculate  from  the  result  the  quantity  of  the 
byposulphitt.^ ;  1  eq.  Ag  CI  coiTesponds  to  2  etp  sulphur  in  hyposul- 
bbuTOUs  acid,  and  accordingly  to  1  eq.  hyposulphite  (K  O,  S.Oj). 

Fni^m  the  fluid  filtered  from  the  sulphide  and  carbonate  of  silver 
amove  first  the  excess  of  silver  by  means  of  hydrochloric  acid,  and 
beo  preeipitAte  the  sulphuric  acid  by  a  salt  of  baryt^i.  From  the 
^ilphuric  acid  found  you  have,  of  course,  to  de«hict  the  quantity  of 
bat  acid  residting  from  the  decomposition  of  the  hy|>OKidphurou8 
[rid,  and  accordingly  for  1  part  by  weight  of  chloride  of  silver 
[>rmed  from  the  sulphide,  0*28  parts  by  weight  of  sidjdiuric  acid. 
be  ditlerenoe  gives  the  amount  of  sulphuric  acid  originally  present 
the  analyzed  com[>ound.  By  way  of  ct>ntrol,  you  may  detennine, 
the  fluid  filtered  from  the  sulpihate  of  baryta,  the  alkali  as  sui- 
mi6  as  dii«ct«l  in  §  97  or  §  98. 

*  JfmrtL  t  pr&kt  Cbem.  55,  22. 

f  To  obtain  the  du-botmte  of  cadmium  free  from  alkali^  carbouate  of  ammonia 
DRiri:  be  used  jm  precipitant 
t  A  *|tiantity  equivalent  to  tbe  milpbide  louad  boa  to  bo  deducted  from  thia 
:  S  +  Cd  0,  C  0,=Cd  S ^K  0,  C  O,). 
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H.  Sbpasation  of  the  Acids  or  the  Secoito  Q&ouv 

FROM    EACH   OTHEE, 


§  169. 

1.  CHIX>Rt5E    FROM    BrOMIITE. 

All  the  methods  of  direct  luiiilyHiB  hitherto  proposed  to  effiect 
the  separation  of  chlorine  from  bromine  are  defective.  The  bii>^ 
mine  i»  therefore  usually  determined  indirectly. 

a.  Precipitate  with  nitrate  of  silver,  wash  the  precipitate,  diT,197 
fiise,  and  weigh.  Transfer  ari  aliquot  part  of  the  mixecl  chloride 
and  bromide  of  silver  to  a  light  weighed  bulb-tube,*  fuse  in  the 
bulb,  let  the  mass  cool,  and  weigh.  This  oj>ertttion  gives  both  the 
total  weig^it  of  the  tube  with  its  contents,  and  the  weight  of  the 
portion  of  mixed  chloride  and  bromide  of  silver  in  the  bulb.  Hie 
greatest  accuitiey  in  the  several  weighings  is  indiBpensable,  Now 
transmit  through  the  tube  a  slow  stream  of  dry  pure  chlorine  gii^ 
heat  the  contents  of  the  bulb  to  fusion,  and  abiake  the  fused  ] 
occasionally  about  in  the  bulb.  After  the  kpise  of  about  20  minp 
utes,  take  off  the  tube,  allow  it  to  cool,  hold  it  in  an  oblique  poa- 
tiou,  that  the  chlorine  gas  may  be  replaced  by  atmospheric  air,  and 
then  weigh.  Heat  once  more,  for  about  10  minutas,  in  a  stream  of 
chlorine  ga-s,  and  weigh  agaio.  If  the  two  last  weighings  agree,  the  ex- 
periment is  terminated;  if  not,  the  operation  must  be  repeated  once 
more.  The  loss  of  weight  sn  If  tired,  multiplied  by  4*2203  ^vos  the 
quantity  of  the  bromide  of  silver  decomposed  by  the  chlorine.  For 
the  proof  of  this  rule  see  §  197. 

This  method  gives  very  accurate  re-sults,  if  the  proportion  of  bro- 
mine present  is  not  too  small ;  but  moat  uncertaon  results  in  cases 
where  mere  traces  of  bromine  have  to  be  determined  in  presence  of  j 
large  quantities  of  chlorides,  as  for  instance  in  salt-sjprings.  To  I 
render  the  methtKl  available  in  such  cases,  the  great  point  is  to  pro- 
duce a  silver  compound  containing  all  the  bromine,  and  only  a  small 
part  of  the  chlorine.  This  end  may  l)e  attained  in  several  ways* 
In  these  processes  the  quantity  of  cUoiine  is  found  by  completely 
precipitating  a  separate  portion  with  silver  solution,  and  deducting 
the  bromide  of  silver  found  from  the  weight  of  the  precipitate^ 

a.  Mix  the  solution  with  carbonate  of  soda  in  excess,  tilter  if  ne-| 
cesaary,  evaporate  nearly  to  dryness,  extract  the  residue  with  hot! 
absolute  alcohol ;  the  scdution  contains  the  whole  of  the  alkalint»  1 
metallic  bromide,  and  only  a  small  poHion  of  the  alkaline  met^dhc  j 
chloride;  add  a  drop  of  Bwk  solution,  and  evajwrate;  dissolve  the! 
residue  in  water,  acidify  with  nitric  acid,  and  precipiUib'  with1 
silver  solution. 

^.  Fehling'^s  method,  f 

Mix  the  aohition  cold  with  a  quantity  of  solution  of  nitrate  < 
silver  not  nearly  sufficient  to  effect  comjdete  precipitation,  sha" 
the  mixture  vigorously,  and  leave  the   precipitate  for  some  time 
the  duid,  with  repeated  shaking.     If  the  amount  of  the  precipitate  ' 


*  The  best  way  of  effecting  the  removal  of  the  fused  mam  from  the  isuQibU 
is  to  fuse  again,  and  then  pour  ont 

f  Joum.  t  prakt.  Chem.  45,  3tJ9.  1 


produced  correap^flg  at  all  to  the  quantity  of  bromine  present,  the 
whole  of  the  latter  wuhstance  is  obtained  in  the  pi:t*ci pittite. 
Fehlino  gives  the  following  rule  : — 

If  the  fluid  conUiiue  O'ljj  bromine,  use  i^  or  }  the  quantity  of  so- 
lution of  tiitrate  of  silver  that  would  be  requirt^d  to  effect  complete 
precipitation;  if  O-OIJ,  ^^;  if0002S,  ^^;  if  OOOlg,^. 

Wash  tlie  mixed  precipitate  of  chloride  and  bromide  of  silver 
^croui/Mi/  ;  dry,  igi:iit«,  woigh,  and  tr^at  with  chlorine,  as  above. 

y*  Mjun*H;tNn*  haR  slightly  irmdititHl  Fehling's  method.  Ilel99 
reduced  with  zinc  the  mixed  precipitate  of  chloride  and  bromide  of 
ailver  obtained  by  Fehlincj^'s  fractionaJ  precipitation ;  decomposes 
tbe  solution  of  chloride  and  bromide  of  zinc  with  carbonate  of 
;  eTaporates  to  dryneas,  and  extracts  the  residue  with  absolute 
lol,  which  dhsaolvea  all  the  bromide  of  £K>dium  with  only  a  little 
the  chloride  of  sodium;  he  then  evaporates  the  sohition  to  dry- 
takes  up  the  residue  with  water,  precipitatoa  again  with  solu- 
of  nitrate  of  silver,  and  subjects  a  part  of  the  weighed  preci- 
[tate  to  the  treatment  with  chlorine. 
6,  If  a  fluid  containing  chlorides  in  presence  of  some  bromide,  is 
lieated^  in  a  distillation  iiask,  with  hydrochloric  acid  and  binoxide 
of  manganese,  the  whole  of  the  bromine  passes  over  before  any  of 
the  chlorine^  Upon  this  circumstance,  Mohk  f  btises  the  followiug 
method  for  effecting  the  concent i-ution  of  bromine : — 

Distil  as  stated,  and  conduct  the  vapors^  through  a  doubly  bent 
tube,  into  a  wide  Wotru^s  bottle,  which  contains  some  strong  boIu- 
ticm  of  ammonia.  Dense  fumes  form  in  tbe  bottle,  filling  it  gra- 
dually. Conduct  the  excess  of  vapors  from  the  first  into  a  second 
bottle^  with  narrow  n&ek,  which  oontoius  ammoniated  water.  Both 
bottles  must  be  siilEciently  large  to  allow  no  vapors  to  esca|>e. 
When  the  whole  of  the  bromine  is  evolved,  which  may  be  distinctly 
seen  by  the  color  of  the  space  above  the  Hquid  in  the  distillation 
fiajsk  and  tubes,  raise  the  cork  of  the  tl^isk  to  prevent  the  receding 
of  bromide  of  ammonium  fumes.  Let  the  appuratua  cool,  and 
unite  the  contents  of  the  two  bottles ;  the  fluid  contains  the  whole 
of  the  bromine,  with  a  relatively  small  portion  of  the  chlorine. 

h,  Inst<3ad  of  treating  the  mLxed  chloride  and  bromide  of  silver  200 
in  a  current  of  chlorine  as  in  «,  it  may  also  be  reduced  to  metallic 
iilver  in  a  current  of  hydrogen.  Aft^^r  accurately  deti3rmining  the 
weight  of  the  reduced  metal,  calculate  the  amount  of  chloride  of 
silver  equivalent  to  it ;  subtract  from  this  the  weight  of  the  chloride 
and  bromide  of  silver  subjected  to  the  reducing  process,  and  we 
have  the  same  difference  as  served  in  a  for  the  point  of  departure 
of  ihe  calculation  ( Wackenrodeh),  It  will  be  seem  that  one  and 
the  same  portion  of  mixed  bromide  and  chloride  of  silver  may  be 
treated  first  as  directed  in  n,  then,  by  way  of  control,  as  directed  in 
ft.  The  difference  found  in  the  dii*ect  way  in  the  first,  and  by  cal- 
culation in  the  second  experiment,  between  the  weiglit  of  the  mixeil 
chloride  and  bromide  of  silver  and  the  amount  of  chloride  of  silver 
equivalent  to  it,  must  be  the  same. 

e,  PlSAKl    recommends  to  a*ld  a  known  quantity  of  solution  of  201 
nitrate  of  silver  in  slight  excess,  filter,  and  determine  the  silver  in 


•  J(mz3L  t  prakt  Chem.  47,  8(^31 
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the  filimte  by  iodide  of  stitrcb  (p,  215),  The  precipttate  is  weig^«4  i 
as  in  e.     This  method  precladea  the  partial  prrcipittttion. 

d.  Determine  iu  a  portion  of  the  solution  the  chlorine-fbromimf  J 
(by  precipitating  with  solution  of  silver),  either  gravin  Iv  or  ] 

volumetrically ;  in  another  portion  the  bromine,  either  i  iori- 

metric  method  (§  143,  I.,  r),  or  by  the  volumetric  method  (^  143, 1.,  I 
b).  Oakiikte  the  chlorine  from  the  difference.  Tlie  method  vi  | 
very  suitable  for  an  ex|>editious  analysis  of  mother-liquors. 

2.  Chlorine  from  Iodine. 

o.  Proceed  exactly  as  for  the  indirect  determination  of  bromine  J 
in  presenec  of  chlorine  ( 197)-     Th^  loss  o^  weight  suffered  by  the  j 
silver  precipitate  in  the  fusion  in  chlorine  gas,  multiplied  by  2*567,  j 
gives  the  quantity  of  the  ii>dide  of  silver  decomf>osed  by  chloiine* 
Tlie  methods  descril>ed  in  300  ^^^  201*  in^.V  '^Iso  be  employed* 
The  results  obtained  by  the*ie  methods  in  tbe  csaee  of  chlorine  and 
iodine  are  still  moi^  accurate   than  in  the  cane  of   chlorine  and 
bromine,  as  the  equivalents  of  iodine  and  chlorine  di^er  lar  more  | 
widely  than  those  of  chlorine  and  bromine. 

b.  Add  to  the  solution  ^  c.  c.  of  sUuidard  solution  of  iodide  of  J 
starch  (p.  215),  then,  drop  by  drop,  with  stirring,  standard  solution  j 
of  silver  (p.  304),  until   tlie  iodide  of  starch  is  decolorized*     The  ] 
amount  of  silver  solution  used  (after  deducting  the  small  quantity 
required  for  the  decolorization  of  the  ^  c.  c.  of  iodide  of  st&rdi 
solution  added,  ami  which  must  be  separately  determined)  corw-  i 
sponds  exactly  to  the  amouut  of  iodine  iu  the  analyzed  comjtound;  1 
for  iodide   of  starch   is   decolorized   before   the   precipitation  of 
chlorine  begins.     To   determine  now  the  chlorine  also,  add  iigidn 
solution  of  nitrate  of  silver  iu  slight  excess,  lilter,  and  determine 
the  excess  of  silver  in  the   filtrate  by  means  of  iodide  of  starch 
(p,  215).     Deduct  the  amount  of  solution  of  nitrate  of  silver  cor* 
responding  to  the  ^  c.  c.  of  iodide  of  starch  solution  added,  and  to 
the  iodine  present,  as  well  as  the  excess  of  silver  solution  from  ih» 
total  quantity  added,  and  calculate  the  chlorine  from  the  differenoe. 
Tliis  method  is  expeditious ;  the  results   are  accurate    (PlSAin*). 
Compare  also  Expt»  No.  94. 

The  follo%ving  methods  are  especially  atlapted  for  the  determina^l 
tion  of  small  rjuaotities  of  iodide  in  the  presence  of  large  qnanti*^ 
ties  of  chloride  : — 

c  Mix  the  solution  with  a  few  drops  of  solution  of  hyponitricl 
acid  in  suljihunc  acid,  or  with  red  fuming  nitric  acid,  add  4  to  6l 
grm.  bisulphite  of  cjirbon,  shake  violently,  separate  the  vioiet-oolored  1 
bisulphide  from  the  fluid  containing  the  chlorine  (and  bromine)  by  ! 
cautious  decantation,  and  shake  the  decanted  Ouid  with  freah  bisol-j 
phide.     After  the  liolet  bisulphide  has  been  washed  by  decantation^  I 
the  witter  being  poured  otf  through  a  filter,  the  iodine  may  be  deter- 
mined as  follows :  The  sohition  should  be  in  a  stoppei^d  bottle, 
covered  with  a  layer  of  water.     Add  a  dilute  solution  of  hjpoBul- 
pliite  of  soda,  with  shaking,  finally  after  addition  of  every  two  ' 
drops.     The  violet  ct^loradon  gi*adually  disappears-     The  end-point 
is  easy  to  hit  with  perfect  certainty.     Now  determine  the  value  of 
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tlie  flolution  nf  hyposulphite,  by  shaking  a  few  c.  c.  of  standard 
iodine  gk)l«tion  witli  bistilpliidt!  of  carbon,  und  then  adding  hyposul- 
|ilute  to  decoloration.     Results  good, 

d,  Precipitute  a  portion  with  silver  solution  and  dptermiofl  the  206 
dilorine  ^-  iodine;  in  a  second  portion  estimate  the  iodine  volu- 
ttietrically  (§   145, 1.,  c,  or  d)^  and  calculate  the  chlorine  Irom  the 
diiTerence. 

e.  For  ti^eli n ieal  purposes  the  following  method  m  also  suit^ible.    It  207 
WSLA  reeomnieiided  by  Wallace  and  I.amont*  for  the  estijuation  of 
iodine  in  kelp.     The  kelp*lie  is  nearly  neutralized  with  nitric  acid, 
evaporated  to  dimness,  and  the  i^sidue  fused  in  a  platinnra  vessel 

to  oxidation  of  nil  the  sulphides.  Treat  with  water,  filter,  add 
nitrate  of  silver  till  the  precipitate  appears  perfectly  white,  wash, 
digest  with  strong  ammonia,  and  weigh  the  residual  iodide  of  silver. 
Finally,  add  to  the  weight  of  the  latter  the  firnount  which  passes 
into  Holution  in  the  ammonia ;  it  is  y ^V?  ^^  ^^^  arpieous  anmionia 
(ap,  gr.  0*8»)  used. 

3.  Chlorine,  Bromine,  and  Iodine  fkom  each  other, 

Determine  in  a  portion  of  the  compound  the  chlorine,  bro-  208 

mine  and  iodine,  jointly  by  precipitation  with  nitrate  of  silver. 
I>etermine  the  silver  in  the  weighed  precipit4ite  as  in  200*  ^r 
add  a  known  quantity  of  solution  of  nitrate  of  silver  in  slight  excess, 
filter,  and  determine  the  small  excess  of  silver  in  the  filtrate  by 
means  of  iothde  of  starch  (201)* 

Determine  the  iodine  sepanitely  by  DcprIi^s  method  (see  below), 
emhrulate  the  quantity  of  iodide  of  silver  and  of  silver  corresponding 
to  theaniount  of  iodine  found,  deduct  the  calculated  amount  of  iodide 
of  silver  from  the  mixed  iodide,  chloride,  and  bromide  of  silver,  that 
of  the  silver  from  the  known  quantity  of  the  metal  contained  in  the 
mixed  compound ;  the  remairHiei*a  are  res]iectively  the  joint  amount 
of  chloride  and  bromide  of  silver,  and  the  quantity  of  the  metal  con- 
tained therein ;  tliese  are  the  data  for  calculating  the  chlorine  and 
ine  (200)^ 

^Aa  regards  the  estimation  of  iodine  in  presence  of  bromides,  A. 

and  F.  DupRti  fouod  that  if  the  solution  of  an  iodide  contains  1 
part  of  bromide  of  potassium,  or  more,  in  1500  parts  of  water, 
protobromide  of  iodbie  (I  Br)  is  formed  upon  addition  of  chlorine 
water ;  if  the  solution  contains  less  than  1  part  of  bromide  of  potaa- 
in  1600  parts  of  w^ater,  higher  bromides  in  var^^ng  propor- 
are  formed  in  addition  to  the  protobromide.  If  the  solution 
contains  only  1  part  of  bromide  of  potfifisium  to  13000  parts  of 
water,  pentabromlde  of  iodine  alone  is  formed.  If  the  iodine  was 
diBSolved  in  bisulphide  of  cai*bon,  the  conversion  into  1  Br  is 
marked  simply  by  the  change  of  the  violet  color  of  the  Hiiid  to  yel- 
lowish brown  (zirconium  color),  whereas*  the  formation  of  I  Br^  is 
marked  by  the  change  of  violet  to  wliite. 

Upon  these  reactions  A.  and  F.  DitpRfi  have  based  the  following 
method  : — Test  the  fluid  first  by  adding  bisulphide  of  carbon,  and 
then,  gradually,  chlorine  waUT,  to  see  w^hether  the  color  will  change 
from  violet  to  white.     If  this  is  not  the  case,  dilute  to  the  required 

•Chem.  Gas.  1859,  137. 


Tb  4et>ib  wOl  he  famd  t  143,  L,  i. 
^  tn  w^kk  d  •!.  K  1^  mud  I  a|. 
KT  -h  5  K  B^  H-$  a  =  i  K  a  +  I  Br.  mnd  I 
Id.  4^  5Br  CL 

I  M  ill  mj iViii  ■■■■«  ffci  Initiiii  W  FuAJn'sgHO 

(1^    IMi  iM^lbwi  Also  sr««*  ^vij  MtJAcfoty  fenlts, 
\  of  lu^  qmntUttai  of  iodiileL 

I  inik  tlie  accamcf  of  die  tsMHWHwu        ^ 

o^  DiBiatTV  m  wm^^sd  quanfitr  of  the  dried  ioiiii»e  in  oold  sol-  UQlS 
pliitroiis  *dd,  pfwpiteie  «iUi  soIntioEi  of  mtrmte  of  m^vet^  ^tgesl  fl 
lliie  precipitate  wrtE  mtiic  acid^  to  remoT^  tli#  saJphi !«  of  ailT^r 
whicli  m&y  kA%e  <x>|)r«ci{»[tAt€!d^  and  wsiglu  The  cai<^il&do&  af  the 
iodine  and  eklorizie  mm  n^d^  bj  the  fbllowii^  oqumtiiyDi^  m  vilick 
^  repr^senta  the  quantity  of  locliRe  analTxed^  ^  the  iodiiie  i^emt«med 
in  it,  y  the  chlorine  contained  in  it,  and  ^  the  amount  of  diloride 
and  iodide  of  silver  obtained : — 


Nowss 


and 


we  have 


x  +  y=:A,»nd 
Ag  +  I       Ag+a 

— r-*+ — cr-y- 

■-B 

Ag  +  I 

J— =1-851 

Ag+a 

a     -'■^"' 

^-1-851  A 

y  -        2-194 

h.  If  yon  have  free  iodine  and  free  chlorine  in  solution,  deter-  811 
mine  in  one  portion,  after  heating  with  Bolphorons  add,  the  iodine 
as  iodide  of  palladium  (§  145, 1.,  (),  and  treat  another  portion  as  di- 
rected 8  146,  1.     Deduct  from  the  apparent  amount  of  iodine  found 
by  the  latter  process,  the  actual  quantity  calculated  firom  the  iodide 
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of  palladium ;  the  diflFerence  expressefl  ihe  amount  of  iodine  equiva- 
lent to  the  chlorine  contained  in  the  substance. 

5,  Analysis  of  Bromine  coktainino  Chlorike, 

a.  Proceed  exactly  as  in  21  Oj  weighing  the  bromine  in  a  small  212 
bulb.     Taking  A  to  be  eqiud  to  the  analyzed  bromine,  £  to 
bromide  and  chloride  of  silver  obtained,  x  to  the  bromine  con- 
tained in  A,  y  to  the  chlorine  contained  in  A,  the  calculation  is 
made  by  the  following  equations  : — • 

and 

B  -  235  A 

y= 

ir.95 

h.  Mix  the  weighed  anhydrous  bromine  with  solution  of  iodide 218 
of  potassium  in  exoe^,  and  deterruine  the  separated  iodine  as  di- 
rected §  U6. 

From  these  data,  the  respective  quantities  of  bromine  and  chlo- 
are  calculated  by  the  following  equations.     I^et  A  represent 
weighed  bromine,  i  the  iodine  found,  y  the  chlorine  contained 
In  Aj^  the  bromine  contained  in  ^1,  then 

^-\-  y  =  A 
%—V^%mA 

V  = — 

1-Q91 
ifSEN,  the  originator  of  methods  i  and  5,  has  experimentally 
proved  their  accuracy,* 

6*  Oyanookx  from  Chxorine,  Bromit^te,  or  Iodine. 

a.  Precipitate  with  solution  of  nitmt«  of  silver,  collect  the  pre- 214 
cipitate  upou  a  weighed  filter,  aiui  dry  in  the  water-bath  until  the 
weight  remains  coustant ;    then  determine    the  cyanogen  by  the 
method  of  organic  analysis  ;  the  difference  expresses  the  quantity 

of  the  chlorine,  bromine,  or  iodine, 

b.  Precipitate  with  solution  of  nitrate  of  silver  as  in  a,  dry  the  216 
precipitate  at  100"^,  and  weigh*  Heat  the  precii>itiite,  or  an  aliquot 
|)art  of  it,  in  a  porcelain  erui'ible,  with  cautions  agitiitlon  of  tlie 
cx>ntents,  to  complete  fusion ;  add  dilute  sulphuric  acid  to  the  fused 
maaei,  then  reduce  by  zinc,  filt+T  the  solution  from  the  nictal lie  silver 
and  jiamcyanide  of  silver,  and  determine  the  chlorine^  iodine,  or  bro- 
mine in  the  filtrate,  in  the  usual  way  by  solution  of  nitrate  of  silver. 
The  cyanide  of  silver  is  the  difference.  Neubaueb  and  KERNEttf 
obtained  Yery  satisfactory  results  by  this  method. 

c.  Determine  the  radica^ls  jointly  in  a  portion  of  the  solution,  by  216 
precipitating  with  aolutiou  of  nitrate  of  silver,  and  the  cyanogen  in 
another  portion,  in  the  volumetric  way  (g  147,  1.,  b), 

7.  Ferro-  or  Ferricvanogen  from  HYDRocnLORio  Acid. 
To  analyse  say  ferro-  or  ferricyanide  of  potassium,  mixed  with  217 
the  chloride  of  an  alkali  metal,  determine  iii  one  (lortion  the  ferro-  or 
ferricyanogen  as  directi^d  §  147,  11.,//;  acitlify  another  portion  with 
nitHc  a4ndf  precipitate  with  solution  of  nitrate  of  silver,  wash  the 


•  Annal  d.  Chem.  u.  Pharm.  86,  274,  276. 

27 


t  Ibid,  101,  341 
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precipitato,  fuse  vdth  4  pai*t«  of  carbonate  of  Bod&  and  1  paji  of 
nitrate  of  potassa,  extract  the  fused  mass  with  water,  and  determi&e 
the  chlorine  in  the  solution  aa  directed  in  §  141. 


8.    SULFHURETTED   HyDROOKN    FKOM    Hy1)BOCHIX)BIC   Acip. 

The  old  method  of  separating  the  two  adds  bj  means  of  a  metallic  218 
salt  k  liable  to  give  false  result«,  a£  part  of  the  chloride  of  the  moUl 
may  fall  down  with  the  sulphide.  We  therefore  precipitate  both  ra 
silver  compoundij,  dry  the  precipitate  at  100°,  and  determine  the 
sulphur  in  a  weighed  portion  ;  or — and  this  is  usually  jireferred —  j 
determine  in  a  portion  of  the  solution  the  sulphuretted  hydrogen  as  i 
directed  g  1 48, 1,  <i,  6,  or  c,  in  another  portion  the  sulphur  -|-  chlorine 
in  form  of  silver  salts.  If  you  employ  a  solution  of  nitrate  of  silver 
mixed  with  excess  of  amiuonia^  for  the  determination  of  the  sul- 
phuretted hydrogen,  you  may,  after  filtering  oiF  tiie  sulphide  of 
silver,  estimate  the  chlorine  dii'ectly  as  chloride  of  silver,  by  adding 
nitric  acid,  and,  if  necessary,  more  neutral  silver  solution.  To  remove 
sulphuretted  hydrogen  fj*om  an  acid  solution,  in  order  that  chlorine 
may  be  determined  in  the  latter  by  uu^anB  of  nitrate  of  silver,  H. 
Rose  recommends  to  add  solution  of  sulphate  of  sesquioxide  of  iron, 
which  will  effect  the  separation  of  sulphur  alone ;  the  separated 
sulphur  is  allowed  to  deposit^  and  then  ^tered  off. 


I 


THtRB  OBOUF. 

KiTBic  Acid — Chloeio  Aced. 
L  Skpa&atiok  of  the  Aoips  of  tite  Third  Group  from  those  or 

THE    FIRST    TWO    GhOUPS* 

§170. 

a.  If  you  have   a  mixture  of  nitric   acid    or  chloric  acid  with  819 
another  fre<^  acid  in  a  fluid  containing  no  bases,  determine  in  one 
portion  the  joint  amoirnt  of  the  free  add,  by  the  acidimetric  method 
(see  Sjiecial  Pai-t),  in  another  portion  the  acid  mixed  with  the  chloric       I 
or  nitric  acid,  and  calculate  the  amount  of  either  of  the  latter  from       " 
the  difference. 

k  If  you  have  to  analyze  a  mLxture  of  a  nitrate  or  chlorate  with  220 
some  other  salt,  tlel-ermine  in  one  portion  the  nitric  acid  or  chloric 
acid  volumetriciilly  (^  149,  IL,  fi,  a.  or  ^,  or  11. ,  «,  and  §  150),  or 
the  nitric  acid  by  g  149,  II.,  a,  3  ;  and  in  another  portion  the  otlier 
acid.  I  think  I  need  hardly  rtioiark,  that  no  substanceBnmst  be  pre- 
sent which  would  interfere  with  the  a[.»plication  of  these  methods, 

f.  From  the  chlondes  of  those  metals  which  form  TA-ith  pbojqihoric  22! 
acid  insoluble  tribasic  phosphates,  the  salt.s  of  the  acida  of  the  third 
group  may  \m  separated  also  by  digevsting  the  solution  with  recently 
preci]>itated  thoroughly  washed  tri  basic  phosphate  of  silver  in  excess, 
and  lioiliug  the  mixture.  In  this  process  tlie  chlorides  tnuuBpose 
with  the  phosphate — chloride  of  silver  and  phosphate  of  the  metal 
with  which  the  chlorine  was  originally  combined  being  formed,  which 
both  eeparate,  together  with  the  excess  of  the  phosphate  of  silver, 
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whilst  the  chlorates  and  nitrates  remain  in  solution  (Chenevix  ; 

LiASSAIONE*). 

<L  The  estimation  of  an  alkaline  chlorate,  in  presence  of  a  chloride,  228 
may  he  effected  also  as  follows : — ^Take  two  portions  of  the  substance, 
determine  the  chlorine  by  means  of  silver  solution,  in  one  directly,  in 
the  other  after  reduction  of  the  chloric  acid  by  cautious  ignition  or 
by  nascent  hydrogen  (§  150,  II.,  c).  Calculate  the  chloric  acid  from 
the  difference  in  the  precipitates  of  chloride  of  silver. 

n.  Sepabation  op  the  Acids  op  the  Third  Group  prom 

EACH   OTHER. 

We  have  as  yet  no  method  to  effect  the  direct  separation  of  nitric  228 
acid  from  chloric  acid ;  the  only  practicable  way,  therefore,  is  to 
determine  the  two  acids  jointly  in  a  portion  of  the  compound,  by  the 
method  given  p.  330,  c/,  measuring  the  sesquioxide  of  iron  remain- 
ing by  Oudeman's  method  (p.  203),  and  bearing  in  mind  that  12 
eq.  of  iron,  converted  from  proto-  into  sesquichloride,  coirespond  to 
1  eq.  of  chloric  acid.  In  another  portion  estimate  the  chloric  acid, 
by  adding  carbonate  of  soda  in  excess,  evaporating  to  dryness,  fus- 
ing the  residue  until  the  chlorate  is  completely  converted  into  chlo- 
ride, and  then  determining  the  chlorine  in  the  latter ;  1  eq.  chloride 
of  silver  produced  from  this  corresponds  to  1  eq.  chloric  acid,  pro- 
vided there  was  no  chloride  originally  present. 

*  Jooxn.  de  Pharm.  16,  289  ;  Phaim.  Gentzalbl.  1850, 121. 


SECTION  VL 

OEGAXIC  ANALYSIS. 

§171. 

OsoAHie  compounds  coutaiji  compiw^ti  vely  only  few  of  tke  djemjeatau  k 
sm&ll  number  of  them  <K>iisist  Bimply  of  2  elementii,  vi£^ 

C  Hnd  H ; 
the  greater  nuinber  contam  S  elemeiits,  tiz,,  ai  a  mk, 

C,  H,aod  Oj 
most  of  the  rest  4  elementSj  vi^*,  ganerallT, 

C,  H,  0,  and  N  ; 
a  ^mall  aumber  5  elemeol%  viz,, 

C,  H,  O,  N,  andS; 
and  a  faw^  6  elements,  viz.j 

C,  H,  O,  N,  S,  and  P. 

This  appUei  to  all  the  natural  organic  compcmiidfl  which  haTe  ws  yet 

oomo  under  our  notice.  But  we  tnaj  artificially  prepare  orgaiiie  com- 
pounds containing  other  elements  besides  those  enumerated ;  thus  we 
know  many  organic  eubstanceSj  which  contain  chlorine,  iodine,  or  bro- 
mine;  otlier**  whi<4*  contain  ar^'^nir,  jiT^tinifmy,  tin^  7inr,  platinum,  irmij 
cobalt,  tkc. ;  and  it  is  quite  impossible  to  say  which  of  the  other  elements 
may  not  be  similarly  capable  of  becoming  more  remote  constituents  of 
organic  compounds  (constituents  of  organic  radicals). 

With  these  compounds  we  must  not  confound  those  in  which  organic 
acids  are  combined  with  inorganic  bases,  or  organic  bases  with  inorganic 
acids,  such  as  tartrate  of  lead,  for  instance,  silicic  ether,  borate  of 
morphia,  <fec. ;  since  in  such  bodies  any  of  the  elements  may  of  course 
occur. 

Organic  compounds  may  be  analyzed  either  with  a  view  simply  to  re- 
solve them  into  their  proximate  constituents ;  thus,  for  instance,  a  gum- 
resin  into  resin,  gum,  and  ethereal  oil ; — or  the  analysis  may  have  for  its 
object  the  determination  of  the  idtimate  constituents  (the  elements)  of  the 
substance.  The  simple  resolution  of  organic  compounds  into  their  prox- 
imate constituents  is  eflected  by  methods  perfectly  similar  to  those  used  in 
the  analysis  of  inorganic  compounds  ;  that  is,  the  operator  endeavors  to 
separate  (by  solvents,  application  of  heat,  &c.)  the  individual  constituents 
from  one  another,  either  directly,  or  after  having  converted  them  into 
appropriate  forms.  We  disregard  here  altogether  this  kind  of  organic 
analysis — of  which  the  methods  must  be  nearly  as  numerous  and  varied 
as  the  cases  to  which  they  are  applied — and  proceed  at  once  to  treat 
of  the  second  kind,  which  may  be  called  the  ultimate  analysis  of  organic 
bodies. 

The  ultimate  analysis  of  organic  bodies  (here  termed  simply^  organic 
analysis)  has  for  its  object,  as  stated  above,  the  determination  of  the 
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eli^xients  containeil  in  organic  siilistances.  It  t'eachea  us  how  to  isolate 
these  elements  or  to  convert  them  into  compounds  of  known  composition, 
to  separate  the  new  compounds  formed  from  one  another,  and  t-o  calculate 
from  their  several  wifight«,  or  volumes,  the  quantities  of  the  elements. 
Ort^inic  analysis,  therefore,  in  based  upon  the  same  principle  upon  which 
rest  most  of  the  methods  of  separating  and  determiniiig  inorganic  com- 
pounds. 

The  convei*siou  of  most  organic  substances  into  distinctly  characterized 
and  rea^lily  separable  products,  the  weights  of  which  can  be  accurately 
determined,  otters  no  great  diJhculties,  and  organic  analysis  is  tberefoit* 
usually  one  of  tbe  more  easy  tasks  of  analytical  chemistr}" ; — ^and  as,  front 
the  limited  number  of  the  elements  which  con.stitute  organic  bodies,  there 
is  necessarily  a  great  sameness  in  tbe  protlucts  of  their  decomposition,  the 
analytical  process  hi  always  very  similar,  and  a  few  methods  sulTice  for  all 
cases.  It  i^  principally  ascribable  to  tMs  latter  circumstance  tliat  oiganic 
analysis  1ms  so  speedily  attained  its  | present  high  degree  of  perfection  ; — 
the  constant  examination  and  improvement  of  a  few  methods  by  a  great 
number  of  chemist^s  could  not  fail  to  prothice  tlds  result. 

An  organic  analysis  may  have  for  its  object  either  simply  to  asoertain 
the  relative  quantities  of  the  constituoat  elements  of  a  substance, — thus, 
for  instance,  woods  may  bt^  analyzed  to  ascertain  tbeir  heating  power,  fats 
to  ascertain  their  iOuuiinuting  power, — or  to  determine  not  ordy  the  rela- 
tive quantities  of  the  constituent  elementary  atoms,  but  also  their  abso- 
lute quantities,  that  is,  to  detenidne  the  number  of  equivalents  of  caibon, 
hydrogen,  oxygen,  ikc,  wkieh  constitute  1  equivalentof  the  analyzed  com- 
pound. In  scientific  investigations  we  have  invariably  tlie  latter  object 
in  >'iew,  althougli  we  are  not  yet  able  to  achieve  it  iu  all  cases.  These 
two  object*!  cannot  well  be  attained  by  one  operation  ;  each  reqiiirea  a 
distinct  process. 

The  metbods  by  which  we  ascertain  the  |yroportious  of  the  constittient 
elements  of  organic  compounds,  may  be  called  collectively,  (h^  idttiruUe 
analt/nis  of  orifanie  bod'ms^  in  a  more  restricted  sense  J  whilst  the  methods 
which  reveal  t«>  lus  the  absolute  number  of  elementary  equivalents  con- 
stituting the  complex  equivalent  of  the  analyzed  compound  may  be  styled 
Ui^  itet^rmi nation  of  ih**  equlvfdent^  offjrffntdc  bodies. 

The  Bucceiis  of  an  organic  analysis  depends  both  upon  the  method  and 
ita  execution.  The  latter  requires  ]>atienee,  circumHi>ection,  and  skill ; 
whrifver  is  moderately  endowed  with  thes**  gifts  will  soon  become  a  pro- 
tiL'it'ut  in  this  branch.  The  selection  of  thu  meth*(d  depends  uptin  the 
knowledge  of  the  constituents  of  the  subst-iuii-e,  and  the  met  hod  selected 
may  require  certaiu  mtjchlicatiouH,  according  to  the  proiK-riies  and  state 
of  aggregation  of  the  same.  Before  we  can  proceed,  tlierefore,  to  de-seribe 
the  various  methods  ajijdicable  in  the  diflTereut  cases  that  may  occur,  we 
have  firat  to  occupy  ourselves  here  i^dth  the  means  of  testing  organic 
bodies  qualitatively. 


I.  Qualitative  Examination  op  Organio  Bodies. 

§  172. 

It  is  not  necessary  for  the  correct  selection  of  the  proper  method,  to 
know  all  the  elements  of  an  organic  cnm[>ound,  since,  fir  instance,  the 
presence  or  absence  of  oxygen  makes  not  the  slightest  dilference  to  the 
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methml.  But  vriih  regard  to  other  elements,  nxich  as  nitrogen,  jnilphur,  I 
phusphonia,  chlorine,  iodine,  bromine^  «kc,  and  also  the  various  metals^  I 
it  is  absolutely  indispensable  that  the  operator  shouJd  know  poBtri*eljJ 
whether  either  of  them  iB  present.     This  ma^  be  asocriaiited  in  the  £ol-J 

lowing  manner : — 

1.  Testing  far  Nitrogen, 

Substances  containing  a  tolerably  large  amount  of  nitrogen  eshala 
upon  combustion,  or  when  intensely  heated,  the  well-known  amell  ofj 
singed  hair  or  feathers.     Ko  further  test  is  required  if  tins  smell  is  dis-l 
tiuctly  perceptible ;  otherwise  one  of  the  following  expeiiments  is  resorted" 
to:— 

ffl.  The  substance  is  mixed  with  hydrate  of  potassa  in  powder  or  witk. 
soda-lime  (§  (50^  4),  and  the  mixture  heated  in  a  test-tube.     If  the  sub 
stance  contains  nitTOgen,  ammonia  will  be  evolved,  which  may  be  readiljl 
detected  by  its  odor  and  reaction,  and  by  the  foimation  of  white  fiimfsl 
with  volatile  acids.    Should  these  reactions  fail  to  afford  positive  certainty,! 
every  doubt  may  be  removed  by  the  following  ex|>eriment : — Heat  a  some-  j 
what  larger  portion  of  the  substance,  in  a  short  tube,  with  an  excess  of  sodspJ 
lime,  and  conduct  the  products  of  the  combiustion  into  dilute  hydrochJor 
acid ;  evapomte  the  acid  on  the  water-bath,  dissolve  the  residue  in  a  bttkl 
water,  and  mix  the  solution  with  bichloride  of  platinum  and  alcohol 
Should  no  precipitate  form ,  even  after  the  lapse  of  some  time,  the  substance 
may  be  considered  free  from  nitrogen, 

h,  Lassahine  has  propoKed  another  method,  which  is  based  upon  tbiJ 
property  of  potassium  to  fonn  cyanide  of  potassium  when  ignited  with  1 1 
nitrogenous  organic  substance.     The  following  is  the  best  mode  of  per- 
formmg  tlie  experiment : — 

Heat  the  substance  under  examiimtion,  in  a  test-*tube,  w4th  a  \ 
lump  of  potassium^  and  after  the  complete  combustion  of  the  potassiv 
ti-eat  the  residue  with  a  httle  wat-er  (cautiously)  ;  filter  the  solution,  tM  \ 
ilrops  of  solution  of  sulpha t-e  of  protoxide  of  ii-on  containing  some  sesqn 
oxide, digest  the  niixtui-e  a  Hbort  time,  and  add  hydrochloric  acid  in  exc 
The  formation  of  a  blue  or  bluish-green  precipitate  or  coloration  prove 
the  [Jiesence  of  nitrogen. 

Bcjth  methods  are  delicate  :  a  m  the  more  commoidy  employed,  and 
sutBces  in  aluicmt  all  cases ;  h  does  not  answer  so  well  in  the  case  of  alkaloid 
containing  oxygen  {e.ff,  moq^hia,  brucia). 

t.  In  organic  substances  containing  oxides  of  nitrogen,  the  preernoe  of 
nitrogen  cannot  be  detected  with  certainty  by  either  a  or  ^,  but  it  may  1 
i^e^ily  discovered  by  heating  the  substance  in  a  tube,  when  red  acid 
fumes,  impailing  a  bhte  tint  t^  iotlide  of  starch  paper,  will  be  erolv 
accompanied  often  by  deHagration. 

2.  Testing  for  Sidphur, 

CT.  Solid  substances  are  fused  with  about  12  parts  of  pure  hydrate  of 
potassa,  and  six  parts  of  nitmte  of  potassa.  Or  they  are  intimately  mixed 
with  some  pure  nitrate  of  potassa  and  carbonate  of  soda ;  idtrate  of  potaBtt 
is  then  heated  to  fusion  in  a  porcelain  crucible,  and  the  mixture  gradually 
added  to  the  fusing  mass.  The  mass  is  allowed  to  cool,  then  dissolved  in 
water,  and  the  solution  testetl  with  baryta,  after  acidifying  with  hydros  J 
chloric  acid* 
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b.  Fluids  are  treated  with  fuming  nitiic  acid,  or  with  a  mixture  of  nitric 
acid  aad  chlorate  of  potassa,  at  first  in  the  cold^  diiallj  with  application 
of  heat ;  the  solution  in  tested  as  in  a. 

c  As  the  methods  a  and  b  serve  simply  to  indicate  the  presence  of  bqI- 
phur  in  a  general  way,  hut  atibrd  no  in  for  mat  ion  regarding  the  state  or 
form  in  which  that  ehunent  may  he  present^  I  add  hei^  another  method, 
which  serves  to  detect  only  the  gidpbwr  in  the  non-oxidized  stat-e  in  organic 
CNsmpounds. 

Boil  the  gubstance  with  strong  Bolution  of  potassa  and  evaporate  nearly 
to  dryucBa.  Dissolve  the  residue  in  a  little  water,  and  test  by  means  of 
a  jioliidied  surface  of  silver,  or  by  nitroprusside  of  aodium,  or  by  just  acidi- 
lj*ing  the  dilute  sohition  with  hydrochloi-ic  acid,  and  adding  a  few  drope 
of  a  mixture  of  senquichloride  of  iron  and  ferricyanide  of  potassium  (see 
"QualAnal,"  g  156). 

3.  Testing  for  Pfiosphonis, 
The  methods  described  in  2,  «  and   A,  may  likewise  serve  for  phos- 

ns.  The  solutions  obtained  Ri*e  t<*stecl  for  phosphoric  acid  with 
_  Jphate  of  magnesia  ;  or  with  sesquicliloride  of  iron^  with  adtlitioia  of 
acetate  of  soda  ;  or  with  molybdate  of  ammonia  (comp.  **  Quid,  Anal.*'), 
In  method  6,  the  greater  part  of  the  excess  of  nitric  acid  must  first  bo 
removed  by  evaporation, 

4,  Testing  for  Inorganic  Sahstanct^. 

A  portion  of  the  substance  is  heated  on  platinum  foil,  to  see  whether  or 
not  a  residue  remains.  When  acting  upon  difficultly  combustible  sub- 
stances^ the  proc^jss  may  l>e  accelerated  by  heating  tlie  spot  wlrieh  tlie  sub- 
•Iftiuoe  occupies  on  the  platinimi  foil  to  the  most,  int^aise  redness,  by 
directing  the  flame  of  the  blow-pipe  u|>on  it  from  below.  The  residue  is 
then  examined  by  the  usual  methods,  llmt  volatile  metals  in  volatile 
organic  oompounds— f.^gr.,  arsenic  in  kakodyl — cannot  be  detected  by  this 
method,  need  hardly  be  mentioned. 

These  preliminary  experiments  sboidd  never  be  omitted,  since  neglect  in 
this  re»[ject  may  give  rise  to  very  great  eiTors,  Thus,  for  instance,  taurin, 
a  substance  in  which  a  large  proportion  of  sulphur  was  afterwards  found 
to  exist,  had  oinginally  tlie  formula  C^  N  ll^  (->,o  assigned  to  it.  The  pre- 
liminafy  ex  arm  nation  of  organic  substiinces  for  chlorine,  bromine,  and 
iodine  is  generally  unnecessary,  as  these  elements  do  not  occur  in  native 
organic  comjiounds  ;  and  as  their  presence  in  compounds  aKificiaUy  pro- 
duced by  the  action  of  the  halogens  re<^iuires  generally  no  further  proof. 
Should  it,  however,  be  desirable  to  ascertjiin  positively  whether  a  sub- 
stance does  or  floeM  not  contain  chlorinCj  iodine,  or  bromine,  this  may  be 
done  by  the  methods  given  §  188, 

II.  Determination  op  thi£  Elcii£nts  in  Orqanic  Bodies.* 

§173. 

A.   ANALTSia  OF  COMPOtrKDS  WHICH    CONSIST   SIMPLY   OP   CaEBON  AND 

Hydrogen,  or  of  Carbon,  Hydrooen,  and  Oxyobn. 

The  principle  of  the  method  which  serves  to  eflTect  the  quantitative 
analysis  of  such  compounds  is  exceedingly  simple.      The  substance  is 


!•  For  Prof.  Warreu'ii  adiniTOble  method«  we  wmst  refer  to  his  original  papers  in 
Am.  JottHL  Set,  Sdscr.,  voL  38,  p.  387,  voL  41,  p.  40,  and  vol.  43,  p.  150,1 
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burned  to  carbonic  acid  and  water ;  tbase  producta  are  fie^pamled  from 
each  other  aud  weighed^  and  the  carbon  of  the  fiubstance  ia  Ofticoktad 
from  the  weight  of  the  carbonic  acid,  the  hjdrogeo  from  tbat  of  the  wtttr 
If  the  sum  of  the  carbon  aud  hydrogen  is  equal  to  the  origiiial  wei^t 
of  the  substance,  the  aubst&noe  containB  no  oxygen  ;  if  it  Ls  leas  than  the 
weight  of  the  Bubstanoe,  the  diJference  expresses  the  azno\mt  of  oxygen 
piesent. 

The  combuBtion  is  effected  either  by  igniting  the  orgBOiic  liiikifcinffe 
with  oxygenized  bodies  which  readily  part  with  their  oxygen  (oxide  of 
copper,  ehromate  of  lead,  kc) ;  or  at  the  expense  both  of  free  and  com- 
bined oxygen. 

a.  Solid  BoDUd. 

Combustion  tmth  Oxide  of  Coppefm 

I  Hi. 
L  Apparatus  and  Preparations  required  for  the  Ahaltsis. 

1.  The  Substakce. — This  must  be  most  finely  pulverixed  and  per 
pure  and  dry  ; — for  the  method  of  drying,  1  refer  to  §  26. 

2.  A  Tube  in  which  to  weigh  the  Substance,  made  of  thin  ^aa 
about  20  cm.  long,  and  of  7  mm,  int-emal  diameter ;  one  end  of  the  tube 
is  closed  by  fusion  ;  the  other,  during  the  operation  of  weighing,  is  stop* 
ped  with  a  smooth  cork, 

3.  The  Combustion  Tube, — A  tube  of  difficultly  fusible  glass  (potaasa 
gloss),  about  2  mm,  thick  in  the  glass,  80  to  90  cm.  in  length,  and  from 
1 2  to  14  mm,  inner  dianwter,  La  soft-ened  in  the  middle  before  a  ^ab- 
blower^»  lump,  drawn  out  as  represented  in  fig.  69^  aud  finally  apoi^^ 


Fig,  69. 

ft.     The  fijie  jjoints  of  the  two  pieces  are  then  sealed  and  thickeDed  a  Hi- 
tle  in  the  tlame,  and   the  sharp  edges  of  the  open  ends,  a  and  r,  aro^^ 
slightly  roundod  by  fusion,  care  bebig  taken  to  leave  the  aperture  t^efi^H 
fectly  rountL     llie  posterior  part  of  the  tube  shoald  be  shaped  as  showfi 
in  Bg.  70,  and  not  as  in  fig.  71. 


Fig.  70. 


Fig,  71. 


Two  perfect  combustion  tubes  are  thus  produced.     The  one  int 

for  immediate  use  is  cleaned  with  linen  or  paper  attached  to  a  pi^nje  l 
wii-e,  and  then  thoroughly  dried.   This  is  effected  either  by  laying  the  tubiJ 
with  a  piece  of  paper  twisted  oyer  its  month,  for  some  time  on  a  i 
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haih,  with  occasioDal  removal  of  the  air  from  it  by  suction,  witli  tlie  aid 
of  aglaas  tube,  or  (rapidly)  by  movii*g  the  tub©  to  and  fro  over  the 
flame  of  a  gas  or  spirit  lamp,  heating  its  entire  length,  and  continually 
removing  the  hot  air  by  auction  through  the  small  glass  tubo  (tig.  7^). 


Fig,  72. 

bustion  tube,  when  quite  dr}\  is  closed  air-tight  with  a  cork> 

I  a  warm  place  until  requireil  for  use. 
In  de&ult  of  glass  tubes  possessed  of  the  pro|>er  degree  of  infusibilityj 
thin  brass  or  copper  foil,  or  brass  gauze,  is  rolled  round  the  tube,  and 
iron  wire  ooiled  round  it. 

4.  The  Potasb-bulbs  (fig.  73), — This  apparatus,  devised  by  Liebig, 
is  filled  to  the  extent  indicated  in  the  en-  t^ 
graving,  with  a  clear  solution  of  caustic  po- 
tMsa  of  1*27  sp>  gr.  (§  f>6,  6)*  The  introduc- 
tion  of  the  Bolution  of  potassa  into  the  apj>ara^ 
tu8  is  eireet<»d  by  plunging  the  end  a  into  a 
Ixsaker  or  dish  into  which  a  little  of  the  solu- 
tion lias  been  poured  out,  and  apply mg  suction 
to  h,  by  means  of  a  caoutchouc  tube.  The  two 
cndaare  then  wiped  perfectly  dry  with  twisted 
slips  of  paper,  and  the  outside  of  the  appara- 
tus with  a  clean  cloth. 

5.  TheChloride-oF'Cauium-tube  (fig.  74) 
is  liUeil  in  the  following  manner : — In  the  first 
place,  the  neck  between  the  two  bulbs  of  the  ^     * ' 

tube  ia  loosely  at<»p|>ed  with  a  small  cotton  plug ;  this  is  effected  by  in- 
troducing a  loose  cotton  plug  into  the  wide  tulie,  and  ap[4ying  a  sudden 
and  energetic  suction  at  the  other  end.  The  large  bull>  Ls  then  tilled 
with  lumps  of  chloride  of  calcium  (^  iUJ,  7,  />),  and  the  tube  with  smaller 
fragmentSj  intermixed  with  coarse  powder  of  the  same  sul>stance  ;  a  loose 
cotton  plug  is  then  inserted,  and  the  tube  tinally  closed  with  a  perfo- 
rated cork,  into  which  a  small  glass  tube  is  fitted;  tlie  protruding  part 
of  the  cork  is  cut  otf,  and  tbe  cut  surface  co verted  over  with  sealing-wax  j 
the  edge  of  the  little  tube  is  slightly  rounded  by  fusion. 

In  using  this  tube  a  considerable  <|uantity  uf  the  water  condenses  in 
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6,  A  Small  Tube  of  vulcajjizkd  India-bubber.^ — ^Thiii  miMt  be  to 
tiiUTOW  that  it  can  only  be  pushed  with  difficulty  over  the  tub©  of  the 
chloride  of  calcium  tube  on  the  one  hand,  and  over  the  end  of  iHt 
potash  bulbs  on  the  other  hand ;  in  ^hich  cose  there  ie  no  need  of  bind- 
ing with  silk  cord.  If  tlie  rubber  tube  should  be  a  little  too  wide,  it 
must  be  tied  round  with  nilk  cord,  or  with  ignited  piano  wire,  Ii  is 
self-evident  that  the  narrow  end  of  the  chloride  of  calcium  tube  should 
be  of  the  Hatne  widtli  iis  the  tube  a  of  the  potoah  bidbs.  The  india-rub- 
ber tube  is  puritied  from  any  adherent  sulphur,  and  dried  in  the  w»ter- 
bath  previous  to  use. 

7*  CoRK.H. — These  should  be  soft  and  smooth,  and  as  Iree  as  ponlHe 
from  'V'iiiible  poj'ea,  A  cork  should  be  selected  which,  after  carefxil 
Bcpieezing,  fits  perfectly  tight,  and  screi»^  with  some  difficult)'  to  oni*- 
third  of  ii«  length,  at  the  most,  into  the  mouth  of  the  combustion-tub^ ; 
a  perfectly  smooth  and  i-ound  hole,  into  which  the  end  a  of  the  chlcvridtf 
of  calcium  tube  must  fit  perfectly  air-tight,  is  then  carefully  bore<l 
through  the  axis  of  the  cork.  The  cork  is  then  kept  for  an  hour  or  two 
in  the  wuter  bath.  It  is  advisable  always  to  have  two  oorkjs  of  this 
denser iptiun  ready.  Instead  of  ordinary  corks,  caoutdiouc  stoppers  may 
be  used  witli  groat  advaiitage. 

8.  Oxide  or  Copper, — ^A  Hessian  crucible,  of  about  100  c  c  ctlj  *" 
is  neai'ly  filled  with  oxide  of  copj^er  prepared  as  direr 
§  66,  1  ;  the  ci-ucible  is  covered  with  a  well-fitting  ovi  rUiK 
ping  lid,  and  heftted.  to  dull  retlness  with  charcoal  or  in  a 
suitable  gas-^irnace ;  it  is  then  allowed  to  cool,  so  that  by 
tlio  time  the  oxide  of  copper  is  required  for  use,  the  hand  can 
only  just  bear  contact  with  it. 

9.  A  WIDE  0LAS3  Tube  sealed  at  one  end,  or  a  FiosK 
{fig.  75),  ill  which  the  freshly  ignited  oxide  of  coii|»er  is  id- 
lowed  to  cool,  and  fi*om  which  it  is  transferred  to  the  combiis^ 
tion  tube,  secure  from  the  possible  absorption  of  moisturo 
from  the  air. 

The  freshly  ignited  and  still  quite  hot  oxide  of  copper  is 
Fig.  1 5.  tninsfeiTed  dii-ect  from  the  crucible  to  this  filling  tube,  or 
flask,  which  ia  then  closed  air-tight  with  a  cork.  It  saves  time  to  fill  b 
at  once  a  sufficient  quantity  of  oxide  to  last  for  several  analyses.  If  the 
cork  fits  tight,  the  contents  will  remain  several  days  fit  for  use,  even 
though  a  portion  has  been  taken  out,  and  the  tube  repeatedly  ofiened. 
10*   A  Mixing  Wire  of  copper  (fig,  7fi)  with   ring  at   one   end  f<Mr  ft 


Fig.  76. 
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handle,  and  a  single  corkscrew  turn  at  the  other,  which   should  taper 

smoothly  to  a  point. 

1  L  A  CoMBUsnoif-FcaKArE. — 
8ome  time  ago  the  only  one  used  waa 
Lr  IvBigV,  in  which  charcoal  is  the  fuel 
liecently  gas  combustion  fnmacei 
have  h€<?n  introduced  into  most  hr 
boratoriesy  because  they  sre  mora 
cleanly  and  convenient. 


Fiff*  77. 
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a.  LiBBio^s  oombustion  ftimacii  i«  of  sheet  iron.  It  has  the  form  of  a 
long  box,  Qi*€iU  at  the  top  and  behind.  It  serves  to  he^t  the  combua* 
tiau  tube  ^^th  red-liot  charcoal.  Fig.  77  represents  the  furnace  as  seen 
from  the  top. 

It  is  from  50  to  60  cm.  long,  and  from  7  to  8  deep  ;  the  bottom,  which, 
by  cutting  small  shte  in  the  shec^t  iron,  la  converted  into  a  grating,  has 
a  Mridth  of  about  7  cm.  The  side  walls  are  inclined  sUghtly  outward,  so 
|dui>t  at  the  top  ttey  stand  about  12  cm.  apart,  A  series  of  upright 
^^leoes  of  strong  slieet  ii-on,  having  the  form  shown  in  IJ,  fig,  78,  and 
riveted  on  the  bottom  of  the  furnace  at  intervals  of  about  5  cm,, 
iier\'©s  to  ffupport  the  combustion  tul>e.  They  miiHt  be  of  exactly  cor- 
responding height  with  the  round  aperture  in  the  front  piece  of  the  ftir- 
{%.  78,  .4). 


Fig.  78.  Fi^.  70. 

This  aperture  roust  be  sufficiently  large  to  admit  the  combustion  tube 
Of  the  two  screens,   the  one  has  the  foi-m  shown  in  fig.  79^  the 

lier  that  shown  in  fig.  78 ,  ^i^  with  the  border  turned  down  at  the  up- 
'  p^r  e<lge.  The  openings  cut  into  the  screens  must  l>e  sufficiently  large 
to  receive  the  combustion  tube  without  difficulty.     The  fnmaee  is  plsicfnl 

on  two  bricks  resting  upon  a  flat  surface,  and  is  slightly  raised  at  tho 
lu^T  end,  by  inserting  a  piece  of  wood  betwt^n  the  supports  (see 
fig,  82),  Tlie  afrtirtures  of  the  giating  at  the  anterior  end  of  the  furnace 
must  not  be  blocke<l  wp  by  the  8uj»| Girting  bricks.  In  cases  where  the 
combustion  tuWs  are  of  a  good  «|iiality,  the  furnace  may  be  raised  by  in- 
troducing a  little  iron  rod  between  the  furnace  and  the  suppoi'tiug 
brick.  Placing  the  tube  in  a  gutter  of  RuH.sia  sheet  iron  tends  greatly  to 
preaerve  it,  but  contact  of  the  glass  and  iron  must  be  prevented  by  an 
intervening  layer  of  asbestos. 

h.  Gas  combustion  furmices  of  the  most  various  descriptions  have  been 
proposed.     Bee  §  178. 

§  175. 

n.    PERrORMAKCE   OF   THE    AnALVTICAL   PbOCXBS. 

a.  Weigh  fir>tt  the  potash  apparatus,  then  the  chloride  of  calcium  tube. 
Introduce  about  0*35 — O'd  grm.  of  the  substance  under  examiiiation 
(more  or  less,  according  as  it  is  rich  or  |)t)or  in  oxygen)  into  the 
weighing  tube,*  which  must  be  no  longer  warm,  and  weigh  the  latter 
accurately  with  its  contents.  The  weight  of  the  empty  tube  lieing  ap- 
proximately knoTftTi,  it  is  easy  to  take  the  right  quantity  of  substance  re- 
quired for  the  analysis.     Close  the  tube  then  with  a  smooth  cork. 

b.  The  filling  of  the  combustion  tube  ia  etfected  as  follows  : — Tlie  per- 
fectly flry  tube  is  rinsed  with  some  oxide  of  copper ;  a  layer  of  oxide  of 
cop|i^r,  alxmt  13  cm.  long,  ia  introduced  into  the  posterior  end  of  tlie 
eombustian  tube,  by  inserting  the  latter  into  the  filling  tube  or  flask 

*  Core  niuflt  be  taken  that  no  particles  of  the  gabstaiioe  adhere  to  the  sideB  of 
the  tub*?,  at  least  not  at  the  top. 
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containing  the  oxide  of  copper  (Bg,  80),  holding  both  tubn  in  aa  oV- 
lique  diiection,  and  giving  &  few  gontle  taps* 


Fig.  sa 

From  the  tube  containing  the  substance  remove  the  *      '  naxwtjr, 

to  prevent  the  slightest  loss  of  substance ;  msert  the  opci i  i«e tube 

aa  deep  as  possible  into  the  combustion  tube,  and  jK^ur  froiu  U  Uit 
fiite  quantity  of  substance  by  giving  it  a  few  tm*ns,  pressing  the  : 
the  while  gently  a^inst  the  upjM?r  side  of  tbe  eombustion  tube,  U*  ^*rv- 
vent  its  coming  into  contact  with  the  powder  alrea<iy  poured  cmt ;  die 
two  tubea  are,  in  this  manipulation,  held  slightly  ineUjusd  (see  fig*  61)^ 


Fig,  81. 

When  a  sufficient  quantity  of  the  substance  has  been  thus  transferrwl 
from  the  weighing  to  the  combustion  tube^  the  latter  is  restored  to  the 
hori:^outal  piosition,  which  gives  to  the  forujer  a  gentle  inclination  wiUi 
tbe  cloR?d  end  dowowards.  If  tbe  little  tube  is  now  slowly  witbdimm, 
with  a  few  turns,  tbe  powder  near  tbe  border  of  the  ojiening  falls  back 
into  it,  leaving  the  opening  free  for  the  cork.  The  tube  in  then  imme- 
diately corked  and  weigbtnlj  tbe  combustion  tub©  also  Ijeing  meanwhile 
kept  closed  with  a  cork.  The  diUerence  between  the  two  weighiagi 
shows  the  quantity  of  subntance  transfeiTed  from  the  weighing  to  til* 
combustion  tube*  Tbe  latter  is  then  again  opened,  and  a  quimtity  of 
oxide  of  copper,  ccpial  to  the  first^  tran>iforred  to  it  from  the  filling  tube, 
or  Hask,  taking  care  to  rinse  down  with  this  the  particles  of  the  sub- 
stance still  adhering  to  tbe  sides  of  the  tube,  Tbei^  ia  now  in  die  hiad 
part  of  the  tube  a  layer  of  oxide  of  copper,  about  25  cm,  loiig,  with  the 
substjtnce  iti  the  middle* 

Tbe  next  o[H^ration  is  the  mixing:  this  is  performed  with  the  aid  of 
the  wire  (fig.  76),  which  is  pushed  down  to  within  3  to  4  cm.  of  the  ead^ 
and  nipidly  moved  about  in  all  directions  imtil  tbe  mixture  is  complete 
and  uniform,  the  tube  being  held  nearly  tiomontal. 

Oxide  of  copj>er  is  then  poured  in  to  within  5  to  6  cm.  of  the  open 
eud^  and  tlie  tube  is  corked. 

e.  A  few  gentle  taps  on   the  table  will  generally  suffice  to  shake  to* 
getber  the  contents  of  tbe  tube,  so  as  to  completely  clear  the  tail  from 
oxide  of  copper,  and  leave  a  free  passage  for  the  evolved  ga^i/«  from  end 
to  end.     Should  this  faU,  as   will  occasiontdly  happen,  owing  to  msl-    i 
formation  of  the  tail,  the  object  in  view  may  be  attained  by  striking  Ita^ 
mouth  of  the  tube  several  times  against  tbe  side  of  a  tablr,*  ^^| 

d.  Connect   the  end  b  (fig,  82)  of  tbe  weighed  chloride   of  calciu^i 
tube  w^ith  the  combustion  tube  by  means  of  a  dried  perforated  cor] 


ftw] 


OROAJnO   Al^ALYSIS. 


429 


tlie  furnace  upon  its  supporte,  with  a  sliglit  inclination  forward,  and 
place  the  combustion  tiibe  in  it ;  connect  the  end  B  of  the  chloride  of 
calcium  tnbfi,  by  means  of  a  vule^inized  india-rubber  tube,  with  the  end 
ftt  of  tlie  potash  apparatus,  and,  if  necessaiy,  secure  the  connection  with 
silk  cord,  taking  care  tojiress  the  joint  of  the  two  thumb«  clone  together 
I  irhilfit  tightening  the  coi'ds,  since  otherwise,  should  one  of  the  cords  hap- 
pen to  give  way,  the  whole  apparatus  might  be  broken.  Best  the  potash 
ftpimratos  upon  a  folded  piece  of  cloth.  Fig.  82  ahows  the  whole  ar- 
ran^ment. 


Fig,  83, 


e.  To  aacertain  whether  the  joinings  of  the  apparatus  fit  air-tight,  put 
a  piece  of  wood  about  the  thickness  of  a  finger  (*),  or  a  cork  or  other 
body  of  the  kind,  under  the  bulb  r  of  the  jM>ta8li  apparatus,  ao  as  to 
imLse  that  bulb  slightly  (see  tig.  82),  Heat  the  bulb  m,  by  holding  a 
piece  of  red-hot  charcoal  near  it^  until  a  certain  amount  of  air  in  driven 
out  of  the  apparatus;  then  i*emov*»  the  piece  of  wood  (j»)^  and  allow  the 
bulb  m  to  cool.  The  solution  of  potaj^sa  will  now  rise  into  t!ie  bulb  w, 
filling  it  more  or  Icsh  ;  if  tlie  liipiid  in  m  prestnve.s,  for  the  space  of  a 
few  minuteH,  the  same  level  which  it  has  assumed  after  the  perfect  cool- 
ing of  the  bulb,  the  joinings  may  be  conaidered  perfect ;  should  the  fluitl, 
on  the  other  band,  gi-atluidly  regain  its  original  level  in  both  limbs  of 
the  appuratuR,  this  is  a  positive  proof  tliat  the  joinings  are  not  air-tight. 
(The  few  minutes  which  elapse  between  the  two  observations  may  be 
advaiitageously  employed  in  re  weighing  the  little  tube  in  which  the&nb- 
siance  int-euded  for  analysis  was  originally  weighed.) 

J[  Let  tlie  mouth  of  the  combustion  tube  firoject  a  full  inch  beyond 
the  furnace  ;  suspend  the  single  screen  over  the  anterior  end  of  the  fur- 
Dace,  aa  a  pi-ot^^ction  to  the  cork  ;  put  the  double  screeii  over  the  com- 
bustion tube  about  two  inchcii  farther  on  (see  tig.  82),  replace  the  little 
piece  of  wood  («)  tinder  r,  and  put  small  pieces  of  red-hot  charcoal  first 
under  that  portion  of  the  tulw?  which  is  separated  by  the  screen;  sur- 
round this  portion  gradually  altogether  with  ignited  charcoal,  and  let  it 
get  red-hot ;  then  shift  the  screen  an  inch  farther  back,  surround  the 
newly  exposed  |x>rtion  of  the  tnbe  also  with  ignited  charcoal,  and  let  it 
gt?t  red-hot  ;  and  proceed  in  this  manner  slowly  and  gniduHlly  extend- 
ing the  application  of  heat  to  the  tiiil  of  the  tube,  taking  cure  to  wait 
alwaya  until  the  last  exponed  pi>rtion  is  red-hot  befoi'e  shifling  the 
screen,  and  also  to  maintain  the  whole  of  the  exposed  portion  of  the 
tube  before  the  screen  in  a  state  of  igoition,  and  the  projecting  part  of 
it  no  hot  that  the  fingers  can  hardly  bear  the  shortest  contact  with  it. 
The  whole  process  i-equires  generally  from  f  to  1  hour.  It  i.s  c^uit^e  su- 
perfluous, and  even  injudicious,  to  fan  the  charcoal  constantly ; — this 
should  be  done  however  when  t!je  procesa  is  di-awing  to  an  end,  as  we 
iiudi  immediately  have  occasion  to  notice* 
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The  liquid  in  the  potash  bulbs  is  gradullj  dig])laced  from  tiie  balb  m 
upon  the  application  of  heat  to  the  anterior  portion  of  the  combustiaD 
tube,  owing  simply  to  the  expansion  of  the  heated  air.  The  vrciliktioii 
of  gas  proceeds  with  greater  briakuess  when  the  heat  begins  to  reaok 
the  actual  mixture ;  the  fii-st  bubbles  are  only  partly  absorbed^  aa  thft 
carbonic  acid  contains  still  an  admixture  of  air ;  but  those  which  foDoir 
are  so  completely  absorbed  by  the  potaasa,  that  a  solitary  air-bubbW  <ildj 
laOi^ea  from  time  to  time  through  the  liquid.  The  process  should  bo 
^  conducted  in  a  manner  to  maJce  the  gaA-bttb> 

ble8  follow  each  other  at  interrais  of  from  ^ 
to  1  second.  Fig.  83  shows  the  proper  pod^ 
tion  of  the  potash  bulbs  during  llie  opef»» 
tion« 

It  will  be  seen  &om  this  that  an  air-bubble 
entering  through  m  passeji  first  into  the  bulb 
6,  thunce  to  c,  from  c  to  <f ,  and  paasLng  otct 
the  solution  in  the  latter,  escapes  finally  into 
the  bulb^/'y  through  the  fluid  which  just  cot«* 
the  mouth  of  the  tube  <«. 

«/.  WTien  the  tube  is  in  its  whole  length 
surrounded  with  red-hot    charcoal,   and   tfae 
^'  ^'  evolution  of  gaa  haA  relaxed,  fan  the  buraii^ 

charcoal  gently  with  a  piece  of  pasteboard.  Wlien  the  evolution  of  p§ 
has  entirely  ceased,  adjust  the  position  of  the  potash  bulbs  to  a  lefdi 
remove  the  charcoal  from  the  faHher  end  of  the  tube,  and  place  the 
screen  before  the  tail  The  ensuing  cooling  of  the  tube  on  the  one  hand, 
and  the  absorption  of  the  carbonic  acid  in  the  potash  bulbs  on  the  other, 
cause  the  solution  of  potaasa  in  the  latter  to  recede,  slowly  at  first^  but 
with  increased  rapidity  from  the  moment  the  liquid  reaches  the  bulb  m. 
(If  you  have  taken  care  to  adjust  the  position  of  the  potash  bulba  oor^ 
rectly,  you  neeti  not  fear  that  the  contents  of  the  latter  will  recede  lo 
the  chloride  of  calcium  tube.)  When  the  bulb  m  is  about  half  filled 
with  solution  of  potaasa,  break  ofiT  the  point  of  the  comb\»stiou  tube  with 
a  pair  of  pliers  or  scissors,  whei'eupon  the  fluid  iu  the  potash  bulbs  will 
immediately  resume  its  level,  Restoi'e  the  potash  bulbs  now  again  to 
their  original  oblique  position,  join  a  caoutchouc  tube  to  the  potash 
buibs^  and  slowly  apply  suction  until  the  last  bubbles  no  longer  dimmish 
in  mze  in  passing  through  the  latter.  It  is  better  to  employ  a  small 
aspirator  instead  of  Bucking  mth  the  mouth.  You  then  know  the 
volume  of  air  that  has  passed  through  the  apparatus. 

This  terminates  the  analytical  process.  Disconnect  the  potash  bulbs 
and  remove  the  chloride  of  calcium  tube.,  together  with  the  cork,  which 
must  not  be  charred,  from  the  combustion  tube ;  remove  the  cork  also 
from  the  chloride  of  calcium  tube,  and  place  the  latter  upright,  with 
the  bulb  upwards.  After  the  lapseof  half  an  hour,  weigh  the  potash  bulbfi 
and  the  chloride  of  calcium  tube,  and  then  calculate  the  results  obtaiued. 
They  are  generally  very  Ratisfaclory.  As  re^rds  the  carbon,  they  are 
rather  somewhat  too  low  (about  O'l  per  cent.)  than  too  high.  The  car- 
bon determination,  indeed,  is  not  free  from  sources  of  error;  but  none 
of  these  interfere  materially  with  the  accuracy  of  the  results,  and  the 
deficiency  arising  from  the  one  is  partially  balanced  by  the  excess  aris- 
ing from  the  other.  In  the  first  place,  the  air  which  passes  through 
ih&  solution  of  potassa  during  the  combustion,  and  finally  during  the 
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rprocesB  of  suction,  cames  away  with  it  a  minute  amount  of  moisture. 
Th«  loss  arising  from  this  cause  is  increased  if  tlie  evolution  of  ga*  pro- 
ceeds  very  briakly,  since  this  tends  to  heat  the  sohition  of  potassa  ;  and 
also  if  nitrogen  or  oxygen  passes  through  the  potash  bulbs  (compare 
g  176  and  §  178).  This  may  be  remedied,  however,  by  fixing  to  the 
tutit  end  of  the  latter  a  tube  with  solid  hydrate  of  potaasa  or  so  da- Lime, 
the  bulbs  and  this  tube  being  always  weighed  together.  In  the  second 
place,  traces  of  carbonic  acid  from  the  atmosphere  are  cariied  into  the 
pota&li  apparatus  in  the  final  process  of  suction  ;  this  may  be  remedied 
by  connecting  the  tail  of  the  combustion  tube,  during  the  operation,  with 
a  tube  containing  hydrate  of  potfl.ssa  by  mt^ana  of  a  perforated  cork  or 
flexible  tube.  In  the  third  place,  it  happens  frequently,  in  the  analysis 
of  substances  containing  a  considerable    proportion  of  water  or  of  hy- 

I  drogen,  that  the  carbonic  acid  is  not  absolutely  dried  in  passing  through 
the  chloride  of  calcium  tube;  this  may  be  remedied  by  fixing  behind  the 
chloride  of  calcium  tube,  a  tnbe  filled  with  asbestos  moistened  with  sul- 
phuric acid. 

Finally,  if  the  mixture  was  not  sufficiently  intimate,  traces  of  carbon 
remain  unconsumed.  It  is  thei-efore  better  to  complete  the  combustion 
in  oxygen  gas.     See  below. 

As  regards  the  hydrogen,  the  results  are  very  accurate,  if  the  filling 
im  dtilfully  performed  with  dry  oxide  of  copper, 

§176. 

[Compfrtwn  of  the  C&mhuMion  ht/  Ojtyffen  Gfis*  To  insure  the  oxi- 
dation of  the  last  traces  of  carbon  and  to  leave  the  oxide  of  copper  ready 
for  use  again,  it  is  advisable  to  finisli  the  combustion  in  a  stream  of 
oxygen.  For  this  puq>ose  the  tail  of  tlie  combustion  tube  must  be  made 
rather  stout  and  long.  WTien  the  potash-lye  recedes,  slip  tightly  over 
the  suitably  cooled  tail  a  caoutchouc  tube  connected  with  a  source  of 
pure  and  dry  oxygen  gas,  nip?  off  the  tip  within  this  tube  by  help  of  a 
pliers,  and  cautiously  let  on  the  oxygen  until  the  reduceil  copper  is  oxi- 
dized and  the  gas  tniverses  the  potash-bulbs.  Then  replace  the  stream 
of  oxygen  by  one  of  pure  and  dry  air,  to  remove  all  oxygen  from  the 
bulbs*  To  prevent  loss  by  evaporation  from  the  potimh-lye,  append  to 
tlie  potash-bulb  a  small  tube  of  fragments  of  caustic  potash^  or  employ 
MuJderV  absorjjtiou  apparatus,  fig.  QO,  §  182. 

The  oxygen  may  be  supplied  from  a  gasometer,  as  shown  fig.  ^^f%  ^'i^y 
or  from  a  small  tul3*^-retort  of  fused  chlorate  of  potassa.  This  method 
and  that  of  §  175  ai'e  not  applicable  to  organic  salts  of  the  alkalies  or 
alkali -earths^  since  these  bases  retain  a  portion  of  carbonic  acid.] 

COMBUSTIOK  WITH  ClIROMATE  OF  LeAD,  OR   WITH  C^ROHATK  OF  LeAD 

A^D  BiCimOJiATE  OF  PoTASSA. 

§  177. 

method  is  especially  resorted  to  in  the  analysis  of  salts  of  or- 
gi^ic  acids  with  alkalies  or  alkaline  earths  (as  tlie  chromic  acid  com- 
pletely displaoes  carlxjuie  acid  from  their  bases),  and  of  bodies  contain- 
ing sulphur,  chlorine,  bromine,  or  iodine* 

(yf  the  apparatus,  itc,  enumerated  in  §  174,  all  are  required  except 
oxide  of  copper,  which  is  here  replaced  by  chromate  of  lead  (§  06,  2).     A 
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narrow  combustion  tube  may  b<>  selected,  m  chromate  of  lead  cootwmi 
a  much  larger  amount  of  avaibtble  oxygen  in   an    equal    volume 
oxide  of  co|>iier.     A  quantity  of  the  chromate,  more  than  suffident 
fill  tlie  combustion  tube,  ia  heated  Id  a  platinum  or  porcelain  dish  over 
gas  or  Bebzeuus  lamp,  until  it  begLos  to  turn  brown ;  before  filling ' 
into  the  tube,  it  ia  allowed  to  cool  down  to  lOC'j  and  even  beL 
The  process  is  conducted  as  the  one  dencribed  in  §  174. 

One  of  the  principal  advantages  which  chromate  of  lead  haa  orer 
oxide  of  copper  as  an  oxidizing  agent  being  its  property  of  fusing  at  « 
high  heat,  the  tt^mperatui^c  must,  in  the  last  stage  of  the  process  of  oom- 
bustion,  be  raised  (by  fanning  the  charcoal,  <tc.)  8ufBcientlj  Iti^  tofttio 
the  contents  of  the  tube  completely,  aa  far  as  Uie  fmbettanoG  iffstendi. 
To  heat  the  anteri&r  end  of  the  tube  to  the  same  degree  of  inttiittity 
would  be  injudicious,  since  the  chromate  of  le^ui  in  that  part  voold 
thereby  loao  all  |>orosity,  and  thus  also  the  power  of  effecting  the  oam* 
bustion  of  the  prod  not.*?  of  decomjK>Bition  which  may  have  escaped  osdda* 
tion  in  the  othivr  part^  of  the  tulx\ 

As  the  chromate  of  lead,  even  in  powder,  is,  on  account  of  ita  daMBtfi 
by  DO  means  all   that  could  be  desirtnl  in  this  latter  respect,  it  " 
fcrable  to  fill  the  anterior  jwtrt  of  the  tubes  instead  of  with  chmniaito 
lead,  with  coarsely  pulverized   strongly  ignited  oxide  of  copper,  or 
copper  turnings  which  have  been  superficially  oxidised  by  ignition  in  i 
muffle  or  in  a  ci-uciblc  with  access  of  air. 

In  the  case  of  very  dithcuHly  combustible  subatanceB— e,^,,  graphiu? 
— it  is  desirable  that  the  mass  should  not  only  readily  cake,  but  also,  in 
the  last  stage  of  the  process,  give  out  a  little  more  oxygen  than  is  given 
out  by  chromate  of  lead.  It  is  therefore  adviHuble  in  sticb  canea  to  add  to 
the  latter  one-eiglith  of  it^  weight  of  fused  and  powdered  bichromate  of 
potausa.  With  the  aid  of  this  addition,  complete  oxidation  of  even  *«ry 
difficultly  combustible  bodies  may  lie  etTected  (Llebig). 

3.  Combustion  with  Oxide  of  Coppeb  ik  a  SimsAX  OP  OxYOBf  G±k 

§178, 

Many  chemists  effect  combustion  with  oxide  of  copper  in  a  stx^eam  of 
oxygen  supjtlied  by  a  gasometer.  The  methods  based  u|)on  tlda  prill' 
ciple  are  em|iloyiMl  not  only  tnv  the  anal^^sis  of  difficultly  combu^tilili 
bodie-8,  but  also  to  effect  the  determination  of  the  carbon  and  hydrogn 
in  organic  substances  in  general. 

These  methods  require  a  gasometer  filled  with  oxygen,  and  another 
with  air,  together  i.^'ith  certain  arrangements  bo  dry  the  oxygen  and  aif 
conapletely,  and  to  free  them  from  carlionic  acid.  They  are  r^aoriiid 
to  in  cases  where  a  number  of  ultimate  analyses  have  to  be  made  in  sac- 
cesaion;  iind  also  more  fiarticularly  in  the  tmalysia  of  substances  whkli 
^nnot  be  reduced  to  fjowtler,  and  do  not  admit  therefone  of  intimate 
mixture  with  oxide  of  co(ii>er,  Jkc. 

The  heating  maybe  effected  with  the  charcoal  combustion  lumlM 
(fig*  77,  p.  42(3),  but  a  gas  furnace  is  most  convenient. 

Many  fnrms  of  gas-furnace  have  been  employed.  One  of  the  bent  IS 
represents  in  fig.  84,  The  combustion  tube  rests  in  a  gutter  of 
sheet  iron,  but  the  glass  is  kept  from  contact  with  the  metal  by  a  layer 
of  aabestoA.     It  ia   well  to  secure  the  tube  to  the  gutter  by  bindii^ 
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wir^.  At  its  anterior  end  the  combustion  tube  is  connected  with  » 
chloride  of  calcium  tube  and  potaah-bulb  as  usual.  It  is  also  necessary 
to  have  a  thiid  tube  to  collect  traces  of  moiature  which  the  cuiTent  of 
hot  gases  might  carry  over  from  the  potash  solution.  This  tube  i  is 
dUed  with  small  fragments  of  caustic  potash. 


Pig.  84 

PcMsteriorly,  tlie  combustion  tube  ia  joined  by  a  cork  or  caoutchouc 
stopper  to  a  narrow  gloss  tube  which  connects  it  with  the  gasometer  and 
the  apparatus  for  drjT^ng  the  oxygen.  The  gas  on  leaving  the  gas- 
omeU^r  strt^Ams  first  through  a  potash  bull>tuht»  </,  then  thi-ough  a  long 
U-tube,  f,  filled  with  chloride  of  calcium,  and  finally  through  the  0-tube 
y^  oontaimng  pumice  stiturated  with  oil  of  vitriol.  Jt  i«  well  t-o  attach  a 
lever  of  a  foot  or  so  in  length  to  thu  handle  of  the  cock  by  which  the 
supply  of  gas  is  admitt-ed  t-o  the  combustion  tube,  aB  thus  the  flow  of  oxy- 
ia  moi-e  easily  regulate!. 

a.  The  ignition  of  the  oxide  of  copper  is  effected  in  the  tube-  To 
accomplish  this,  a  plug  of  asbestos  is  inserted  into  the  anterior  end, 
the  tube  being  then  tilled  to  two-thirds  of  its  length  with  oxide  of  cop- 
per ;  the  posterior  orifice  is  then  joined  to  the  drying  apparatus  inter- 
posed between  the  gasometer  and  the  combustion  tube,  and  the  tube 
heated  to  gentle  redness  in  its  whole  length,  whilst  a  slow  cmn^ent  of 
atmospheric  air  is  conducted  through  it.*  After  complete  ignition  has 
been  effected  the  fire  is  extinguished,  the  anterior  end  of  the  combustion 
tube,  which  up  to  this  time  has  remained  open,  is  connected  with  an 
unweighed  chloride  of  calcium  tube,  and  the  ignited  oxide  allow*ed  to 
oool  in  a  slow  stream  of  atmospheric  air.  When  the  tube  is  cold,  it  is 
(Mpaoed  at  the  posterior  end,  the  substance  introduce^d  into  it  with  the 
ftld  of  a  long  tul_«?  (eumpare  §  174),  and  fjuiekly  mixed  with  the  oxide 
by  means  of  a  cop|>er  \^Hre  with  twisted  end  (see  fig.  70,  p.  174) ;  the 
after-part  of  the  tube  is  filled  to  within  1 2  cm.  with  ignited  oxide  of 
copper,  cooled  in  the  tube  or  fliisk  shown  in  tig.  7.'>,  p.  174;  a  few  gen- 
tle taps  on  the  table  will  suffice  to  shake  the  contents  dovi'n.  a  little, 
leairing  a  clear  passage  above.  The  posterior  end  of  the  tube  is  then 
again  connected  with^,  and  the  chloride  of  calcium  tube,  aifixed  to  the 

*  [Either  from  a  second  gfasometer,  or  by  aid  of  an  aspirator.] 
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front  of  the  combustion  tube  during  the  cooling,  exchiingc>d  for  the  cm? 
which  is  accurately  weighed,  and  to  which  the  weighed  tubes^  k  «nd  i, 
are  alsojoineci 

The  cock  of  the  oxygen  gasometer  is  now  otiened  a  little,  so  that  tike 
gas  may  pass  in  a  very  slow  current  through  the  apparatus ;  the  <?ock  is 
then  suddenly  turned  off,  and  the  level  of  the  fluid  in  the  two  btilb  tuVa 
watched  some  time ;  if  no  change  takes  place  in  it,  this  is  a  pn x^f  that 
all  the  joinings  are  air-tight.  After  this,  the  anterior  portion  of  the 
tube  is  heated  to  redness,  as  far  as  the  layer  of  pune  oacide  of  cfpj^er 
extends ;  the  same  is  then  done  with  the  fkrther  [>art  alao,  as  far  aa  the 
layer  of  pure  oxide  of  copi^er  extends,  the  corks  at  hoih  ends  o£  lhi> 
tube  being  protected  by  screens,  as  well  as  also  the  part  containing  the 
mixture,  A  very  slow  current  of  oxygen  gas  is  transmitted  all  the 
time  through  the  apparatus. 

The  part  of  the  tube  containing  the  mixture  is  then  also  heated,  pro> 
oeeding  slowly  from  the  imterior  to  the  posterior  part.  The  stream  of 
oxygen  gas  is  gradually  increased,  but  never  to  an  extent  to  allow  Ui# 
oxygen  to  escape  through  the  potash  bulbs  A,  \V"hen  the  tube  in  iti 
whole  length  is  at  a  red  heat,  and  the  evolution  of  gas  has  ceasenl,  tb^t 
cock  is  optined  a  little  wider,  and  the  transmission  of  oxygen  continuetif 
until  at  last^  when  the  itnluced  oxide  of  copper  is  completely  reoxi- 
dized,  the  gas  begins  to  escaj^^ie  unabsorbed  through  the  potash  bu!h<L 
The  oock  of  the  oxygen  gasometer  is  now  shut,  whilst  that  of  ^ ' 
gasometer  is  opened  a  little ;  the  combustion  tube,  *S:c.^  are  allov^ 
cool  in  a  slow  sti'eam  of  atrnosf^heric  air.  The  chloride  of  calcium  tube, 
and  the  potash  balbs  with  the  potassa  tube  joined  to  them,  are  ihim 
weighed, 

A  very  great  advantage  of  this  method  consists  in  this,  that  iJie  ( 
bustion  tube,  after  the  termination  of  the  first,  is  quite  ready  fori 
second  analysis. 

b.  The  combustion  of  most  substances  may  be  e0ected  also  witho 
mixiug  'with  oxide  of  copper,  by  introducing  the  sample  into  a  ph 

copper,   or  porcelain  boat  or  ' 
85).     This  method  affords  the  i 
tage  of  enabling  the  operator  to 
termine  at  the  same  time  any  tinoofl-" 
Fi^.  STy.  sumed  residue  (ash)  that  may  remain 

behind,  which  in  some  cases — in  the 
analysis  of  coals,  for  instance — is  a  gre^it  convenience*  The  subatanoe 
is  weighed  in  the  boat,  enclosed  in  a  corked  glass  tube. 

The  process  of  combustion  is  then  conducted  aa  follows  : — Introdoca 
into  the  anterior  end  of  the  tube  a  plug  of  asbestos,  then  fill  the  tube 
with  oxide  of  copper,  leaving  about  20  cm*  free,  and  keep  the  oxide  ia 
its  place  by  pushing  an  asbestos  plug  down  upon  it.  Heat  the  tube 
now  to  redness  in  the  combustion  furnace,  pass  a  current  of  air  through 
it,  to  remove  all  moisture,  connect  the  anterior  end  with  an  unwrighad 
chloride  of  calcium  tube,  and  let  the  apparatus  cool ;  then  push  the  boal 
containing  the  sample  down  to  the  rt*ar  asbestos  plug,  and  oonneoi  tbt 
afber-part  of  the  tube  with  the  purifying  apparatus  interposed  between 
the  g^Dieter  and  the  combustion  tube,  the  fore-part  with  the  weighed 
chloride  of  calcium  tube  and  potash  bulbs  with  potassa  tube.  Heat  tl 
oxide  of  copper  in  the  combustion  tube  to  redness,  and  when  approachia 
the  part  where  the  boat  is  pbced,  open  the  cock  of  the  oxygen  | 
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little  \  when  the  heat  has  reached  th©  conteata  of  the  boat,  proceed  with 
proper  caution,  liod  take  care  to  pass  neither  too  little  nor  too  much 
oxygen  through  the  tube,  Increase  the  current  of  oxygen  a  httle  at  last, 
and  let  the  apparatus  tilially  cool  in  a  slow  cun*ent  of  atmospheric  air» 
With  tliis  methodj  it  is  stiU  easier  tlian  with  rx  to  use  the  combustion 
tube  for  a  second  analysis  immediately  after  the  tirst,  as  all  that  ib 
neqisired  for  the  purpose  ia  to  ijisert  a  fresh  boat  with  another  sample 
of  Bubstanoe,  to  rephice  the  0(ne  juat  removed. 
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Volatile  Substances^  or  ModUs  vmdergoing  Alteration  at  100* 
{toting  Water ^  for  instance). 

The  process  is  conducted  either  according  to  §  1 74, 
or  as  directed  1^  178.  Ignited  chromat©  of  lead,  cooled 
ill  a  closed  tube^  may  also  be  employed  as  oxidising 
agent. 

Z».  Fluid  Bodies. 

a.   VolatUe  liquids  {e,g,^  ethereal  oils,  alcohol,  he*), 

§  180. 

1.  The  analysis  of  organic  volatile  fluids  I6quirp8 
the  objects  enumerattul  in  §  174.  The  combustion 
tub^  should  be  afimewhat  longer  than  there  mt^n- 
tioned  j  it  should  have  a  lengt.h  of  50  or  60  cm*,  ac- 
cording as  the  substance  is  leas  or  more  volatile.  The 
process  requires  besides  several  email  glass  bulbs  for 
the  reception  of  the  liquid  to  be  analyzed.  These 
bulbs  are  made  in  the  following  manner : — 

A  gla^s  tube,  about  30  cm.  long  and  alK>ut  8  tmn. 
wide,  is  drawn  out  as  shown  in  tig.  86,  fused  otf  at  </, 
and  .-i  expanded  into  a  bulb,  as  shown  in  tig.  87. 
The  bullxid  part  is  then  cut  off  at  /i.  Another  bulb  m 
then  maile  in  the  same  way,  and  a  tliiid  and  fourth, 
Ac,,  as  long  as  sufficient  length  of  tul>tt  is  left  to  se> 
cure  the  bulb  from  being  reached  by  the  moisture  of 
the  mouth. 

Two  of  these  bulbs  arc  accurately  weighed ;  they  ai*e 
then  filled  witli  the  liquid  to  be  analyzed,  closed  by  fu- 
sion, and  weighed  again.  The  tilling  is  etlected  by 
slightly  beating  the  bulb  over  a  lamp  and  immersing  Fig^.  87. 
the  point  into  tbe  liquid  to  be  analyzed,  part  of  which 
will  now,  upon  cooling,  enter  the  bulb.  If  the  fluid  is  highly 
volatile,  the  portion  entering  the  still  warm  bulb  is  converted 
into  vapor,  which  expels  the  fluid  again;  but  the  moment  thA 
vapor  is  i-econdensed,  the  bulb  fills  the  more  completely*  If 
the  liquid  is  of  a  less  volatile  nature,  a  small  portion  only  will 
enter  at  first  j  in  such  cases  the  bulb  is  heated  again,  to  convert 
what  has  entered  into  vapor,  and  the  jmint  is  then  again  im- 
mersed into  the  fluid,  which  will  now  readily  enter  and  fill  the 
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bulb.  The  excess  of  fluid  is  eject-ed  from  the  neck  of  the  Uttln 
tube  by  a  sudden  jerk ;  the  point  of  the  capillary  neck  is  then  §eal»<l 
in  the  blowr|>ipe  flame.  The  cr>Tnbiistion  tube  is  now  prepured 
for  the  proceaa  by  introducing  into  it  from  the  filling-tube  or  fiiwk 
(§  174),  a  layer  of  oxide  of  copjjer  occupying  about  6  cul  in 
lengtk  The  middle  of  the  neck  of  one  of  the  bulbe  is  slightly  scratched 
with  a  file,  the  pointed  end  is  qmckly  broken  ofifi  and  the  bulb  aiui 
end  are  dropix^d  into  the  combustion  tube  (see  fig.  88),  Another 
layer  of  oxide  of  copper,  about  6 — -9  cm.  long^  in  then 
filled  in,  and  the  other  bulb  introduced  in  the  some  manner 
as  the  first.  The  tube  is  finally  nearly  filled  witli  oxide  uf 
copper.  A  few  gentle  taps  u|>on  the  table  suffice  to  dear 
a  free  passage  for  the  gases  evolved,  (It  is  advisable  to 
place  in  the  antenor  half  of  the  combustion  tube  small 
lumps  of  oxide  of  copper  [comp.  §  6G,  I],  or  mi^>crfici<dly 
oxidized  copiKT  turnings,  which  will  permit  the  fi-t^e  pas^ 
/fl  **^^  ^^   ^^^    g****^  even  with   a   nan-ow  channel^  or  no 

channel  at  all ;  since  with  a  wide  channel  there  is  the  mk 
of  vapors  passing  unconsumed  through  the  tube.) 

The  combustion  of  highly  volatile  substances  dcmandi 
great  care,  and  retpiires  certain  modifications  of  the  com- 
mon  method.  The  operation  commences  by  heating  to 
redness  the  anterior  half  of  the  tube,  which  is  separated 
from  the  rest  by  a  sci-een,  or  in  the  case  of  highly  vohUite 
substAuceSj  by  two  screena  ;  ignited  charcoal  is  then  placed 
behind  the  tube  to  heat  the  tail  and  prevent  the  condes* 
sation  of  vapor  in  that  part.  A  pieca  of  red-hot  chaitx»l 
ia  now  applied  t-o  that  part  of  the  tube  which  is  occupied 
Fig.  88*  by  the  first  bulb  ;  this  causes  the  efflux  and  evajioration 
of  the  contents  of  the  latter ;  the  vaj>or  passing  over  tl»e 
oxide  of  ci>|j|rt3r  Kuffets  combustion,  and  thus  tlie  evolution  of  gas  ooid- 
mences,  wh it'll  ia  then  mtiintained  by  heating  very  gradually  the  fint, 
and  after  this  the  second  bulb ;  it  Ls  better  to  conduct  the  Of»ersition  too 
slowly  than  too  quickly.  Sudden  heating  of  the  btilbs  would  at  once 
cause  such  an  iin|>etuous  rush  of  gas  as  to  eject  the  fluid  frt>iw  th« 
potash  bulbs.  The  tube  is  finally  in  its  entire  lengtb  surrounde*!  with 
ignited  charcoal,  and  the  rest  of  the  operation  conducted  in  the  usual 
way.  If  the  air  draA^Ti  through  the  apparatus  tastes  of  the  analyEoi 
substance  J  this  is  a  sure  sign  that  complete  combustion  has  not  been 
effect^^d, 

2,  In  the  combustion  of  liquids  of  high  boiling  point  and  abotmd- 
ing  in  carbon,  ^.^7.,  ethereal  oils,  unconsumed  carbon  is  apt  to  deposit 
oTi  the  completely  redyced  coj^pcr  near  the  substance ;  it  is  therefor* 
advisable  to  distribute  the  quantity  intended  for  cumlysis  (about  0*4 
gnn.)  in  3  bulbs,  separated  from  each  other  in  the  tube  by  lajerRof 
oxide  of  copper. 

3*  In  the  combustion  of  less  volatile  liquids,  it  is  advisable  to  emp^ 
the  bulbs  of  their  contents  before  tlie  coTubustiou  begins :  this  is  efiectied 
by  connecting  the  filled  tube  with  an  exhausting  syringe,  and  rarefying 
the  air  in  the  tulie  by  a  single  pull  of  the  handle;  this  will  suffice  to 
exjmnd  the  air-bubble  in  each  bulb  sufficiently  to  eject  the  oily  li4|uid 
from  it,  which  is  then  absorbed  by  the  oxide  of  copper. 

4,  If  there  is  reason  to  apprehend  that  the  oxide  of  copper  may  not 
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mftke  to  effect  the  oompleta  cotnbuation  of  the  carbon,  the  process  is 
tenoLtinted  in  a  sti'eaiii  of  oxygen  gas  (compare  §  17fi). 

5.  If  it  is  intendetl  to  effect  the  combustion  in  the  apparatim  de- 
libcd  in  §  1 78  (in  a  current  of  oxygen  gas),  the  bulb  nuiHt  be  drawn  out 
fine  long  point,  and  iilled  aluiost  completely  with  the  iJuid.  Tho 
point  is  then  sealed  in  the  blowpipe  tlamt%  and  the  bulbs  are  iranslerred 
in  tliat  atat«i  to  the  combustion  tube.  When  the  anterior  and  the  far- 
ther eml  of  the  tube  ai-e  red-hot,  a  piece  of  ignited  charcoal  in  jiut  to 
tlie  part  occupied  by  the  fij-st  bulb,  when  the  expansion  of  the  liquid 
will  cuuse  it  to  burst.  When  the  contents  of  the  first  bulb  are  con- 
8iime<l,  the  second,  and  after  thia  the  third,  are  treated  in  the  same  way. 
This  method  will  not  answer,  however,  for  very  volatile  liquids,  as,  tf.^., 
ether,  on  account  of  the  explosion  wkicli  would  inevitably  take  place. 


0.  ^Qn-vohUUe  Jjupiid^  {^-ff^y  ^^^7  oils). 

§181. 


Tlie  combustion  of  non- volatile  liquids  is  effected  either,  1,  with  ehro- 
mat^  of  leail,  or  oxide  of  copper  and  oxygen;  2,  in  the  apparatus  de- 
ftcribeil  §  178. 

L  The  Ofieration  is  conducted  in  general  as  directed  §  175  or  §  176. 
The  8uUst*ince  is  weighed  in  a  small  tube,  placed  for  that  purpose  in  a 
tin  foot  (see  fig.  80),  and  the  mixing  effecteil  as  follows: — 
Introduce  into  the  combustion  tubo  first  a  layer,  about  6  cm. 
long,  of  chromate  of  lead,  or  of  oxide  of  copi)er;  then  drop 
in  the  small  cylinder  with  the  substance,  and  let  tho  oil  com- 
pletely run  out  into  the  tube;  make  it  spread  about  in 
various  directions,  taking  care,  however,  to  leave  the  upper 
side  (intfUiled  for  tbe  channel)  and  the  forepart,  to  the  ex* 
t0Dt  of  ^  or  J  of  the  length  of  tluj  tube,  entirely  clean.  Fill 
4lie  tube  now  nearly  with  clu-omat>e  of  lead  or  oxide  of  cop* 
per,— which  has  previously  been  cooled  in  the  fiUing  tube  or 
fla.sk, — tjiiking  care  that  the  little  cylinder  which  con tiii tied 
completely  tilled  with  the  oxidizing  agent. 


Fig.  89. 


the  oil  be 
Place  the  tube  in  hot  sand, 
which,  im[>ttrting  a  high  degree  of  fluidity  to  the  oil,  leads  to  the  [wv- 
fact  abs<:»rj>tii>u  of  the  latt-or  by  the  oxidizing  agent,  and  proceed  ^'ith 
tlie  combu«tion  in  the  usual  way.  It  is  advisable  to  select  a  tolt^nibly 
long  tuliH?.  Chn>umt^i  of  lead  is  UHUally  to  be  (jroferred.  If  it  La  used, 
m  very  intense  heat^  sufljcicntly  strong  to  fu8<Uhe  contents  of  the  tube, 
%s  c*iutioualy  afqiUed  in  the  last  stage  of  the  process. 

Solid  fats  or  waxy  substanct^s  w^hich,  not  being  reducible  to  powder, 
c&nnc^t  l>e  mixed  with  the  oxitlizing  agent  in  the  usual  way,  are  treatod 
in  a  siinihu*  manner  to  fatty  oils.  They  are  fused  in  a  small  weighed 
glaiss  boat,  made  of  a  tulx*  ili^'ided  lengthwiae ;  when  cold,  the  little  boat 
with  itB  contents  is  weighed^  and  then  dropjied  into  the  combustion  tube, 
whicii  luis  been  previously  filled  to  the  extent  of  about  6  cm,  with 
cbrouiate  of  leatl,  or  ^dth  oxide  of  copper.  The  substance  is  then 
fomd  by  the  application  of  heat,  and  made  to  spreAd  about  in  the  tube 
in  the  same  manner  a^  m  done  with  fatty  oils ;  the  rest  of  the  operation 
alac»  lx*ing  conducted  exactly  as  in  the  latter  CAXse.  If  chiomate  of  leati 
ji  employed^  it  wiU  be  found  advautageoua  to  add  some  bichromate  of 
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poteasa  (§  177).      If  oxide  of  coppeir  be  used,  Enisli  m  a 

oxygen  (§  176). 

2.  If  it  is  intended  to  effect  the  combustion  of  fktty  substancoB^ 
other  bodies  of  the  kind  in  a  current  of  oxygen  g&£,  in  the  appi 
described  in  §  1 78,  the  Bubstance  is  weighed  in  a  pMDrcelain  or  pli 
boat,  which  is  then  inserted  into  the  tube,  and  the  posterior  par 
latter  filled  with  oxide  of  copper,  as  directed  above.     The  coti 
must  be  conducted  with  great  care.     As  soon  as  the  oxide  of  copporl 
the  anterior  and  the  posterior  parts  of  the  tube  is  red-hot,  a  piece  i 
red-hot  charcoal  ie  put  to  the  part  occupied  by  the  little  boat*     The 
volatile  products  generated  by  the  dry  distillation  of  the  substance  bit 
at  the  expense  of  the  oxide  of  copper. 

When  it  is  perceived  that  *Jie  surface  layer  of  the  oxide  of  copfi 
reduced,  the  application  of  heat  to  the  substance  is  suspended  fori 
time,  and  re»umed  only  after  the  reduced  copper  ia  reoxidijsed  in 
stx^am  of  oxygen  gas.     Care  is  finally  taken  to  insure  the  comjp 
combustion  of  the  carbon  remaining  in  the  boat. 

SupplemetU  to  A.,  g§  174—181- 

§182. 

Modified  Apparatus  for  the  Absorption  of  CARBosric  Acid. 

G,  J.  Mui^DER  *  has  replaced  the  potash  bulbs  altogether  by  a  I 
different  ttb8orj>tiou  apparatus,  viz.,  by  the  apparatus  alre-ady  descrih 
p,  293.     The  chloride  of  calcium  tube  is  immediately  connected  ' 
the  system  of  U4ubes,  fig.  90  ;  a  contains  small  pieces  of  glass,  6  to  I 
drops  concentrated  sulphuric  acid,  and  at  the  top  asbestos  plugs. 
filled  to  I  with  giiumluted  sodii-liine  ^aay  20  grm.),  the  remaining  i  I 
the  !^d  limb)  contains  chloride  of  calcium  (say  3  grm.),      I.      * 
filled  with  lumps  of  hydrate  of  potasaa.     a  and  h  are  weighs 

e  serves  as  a  guard  to  A,  aii  J  ii  : 
weighed.  The  sulphuric  acid  ti 
serves  to  show  the  rate  of  the  ev 
tion  of  gas  ;  it  contains  enough  .1 
phuric  acid,  when  the  lower  fiart 
just  8topj»ed  up.  If  the  pi 
goes  on  properly,  the  weight  of  \h» 
tube  does  not  increase  more  than 
mgnn. ;  generally  the  increment 
unweighable.  If  the  tube  is  cl 
after  use  with  caoutchouc  caps, 
may  be  used  over  and  over 
The  sulphuric  acid  possesses  the 
vantage  over  other  fluids  that  it 
dicatcs  whether  the  combn^tion  ww 
Ffe.  OOL  complete  or  not;   for   in   the  fin* 

case  it  remains  colorless,  in  the  is^ 
0nd  it  becomes  brown  from  ih©  escaping  hydrocarbons,  and  then  the 
nseults  cannot  be  expected  to  be  perfectly  aocnnsite.  The  absorption  of 
the  carbonic  add  by  the  sodsrlime  tube  b  as  rapid  as  it  is  complete; 

^  Zeitochiift  L  analyt  GheoL  1,  % 
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even  when  a  stream  or  carbonic  acid  is  passiug, 

pidity  UBtial  in  organic  analysis,  no  trace  of  the  acid  makes  its  escape, 
Tlie  abeorption  of  the  cftrbouic  acid  is  att*jnded  with  warming  of  the  aoda- 
Hme;  if  any  water  evaporates  from  tlie  soda-lime,  it  is  retained  by  the 
chloride  of  calcium  iu  the  secoud  limb.  The  corks  of  the  absorfititm 
tubes  are,  like  the  others,  coated  with  sealing-wax,  A  filled  soda-lime 
tube  weighs  about  40  grm.  The  first  time  it  is  used  alone ;  the  aeoond 
time  the  same  tube  is  used,  but  as*  a  pi^ecautionary  measure  a  second 
simUarly  tilletl  and  separately  weighed  tube  is  placed  in  front  of  it. 
The  second  tube  rarely  increases  in  weight,  and  unless  it  does,  the 
first^  tube  can  be  used  a  third  time,  but  of  course  in  connection  with  ilie 
eeoond.  If  the  second  tube  has  gained  in  the  third  operation,  the  first 
tube  is  rejected  at  the  fourth  ojieration,  and  the  second  is  now  used 
alone,  &c.  If  after  the  combustion  a  stream  of  oxygen  is  trauHmitted 
through  the  combustion  tube,  the  tubes  are  of  course  at  the  end  full  of 
oitygen.  If,  then,  care  be  taken  that  the  tubes  are  full  of  oxygen  l>t*furo 
^weighing,  the  trouble  of  the  final  transmission  of  air  may  be  saved. 
For  weighing,  Muldeh  cloBes  the  enda  of  the  gla&s  tubes  with  caps 
ma^e  out  of  india-rubber  tube. 

MuLDER^S  absorption  ajjpanttus  is  peculiarly  sidtable,  when  the  car- 
borne  acid  is  mixt*d  with  another  gas.  It  insures  complete  absorption) 
precludes  the  evajjoration  of  any  water,  and  otfers  j>erf©ot  security  in 
case  of  the  sudden  occurrence  of  a  too  rapid  evolution  of  gas. 

B.    AXALYSIS  OF  CosrPOCKDB  CONSISTING  OP  CaRBON,    HyDROGKN, 

OiYGEx,  Amy  Nitrogen. 

The  principle  of  the  analysis  of  such  compounds  is  in  general  this : 
in  ati€  portion  the  carbon  and  the  hydrogen  are  determined  as  carbonic 
acid  and  water  respectively;  in  another  portion^  the  nitrogen  is  deter- 
mined either  in  the  gaseous  form,  or  as  eliloride  of  ammonium  aiid  bi- 
chloride of  platinum,  or  by  neutralnsing  the  ammoriia  formed  from  the 
nitrogen ;  the  oxygen  is  calculated  from  the  loss. 

As  the  presence  of  nitrogen  exercises  a  ceilain  inlluence  upon  tho 
estimation  of  carbon  and  hydrogett,  we  have  hei'e  to  consider  not  only 
the  method  of  dett^rmining  the  nitrogen,  but  alsio  the  modifications 
which  the  presence  of  the  nitrogen  renders  necessary  in  the  usual  me- 
thod of  determining  the  Ciirbon  and  hytirogen. 

a.    DETEBKrUATIOK    OF  THE  CaJIBOBT    AND   H'iTJttOOEN    IN   NiTBOOENOUS 

BUBBTANCES, 

§  183. 

1,  When  nitrogenous  subatanoeB  are  ignited  with  oxide  of  copper  or 
with  chroma te  of  lead,  a  portion  of  the  nitrogen  present  escapes  in  the 
*:iU8  form,  together  with  the  carbonic  acid  and  acjueous  vapor ; 
1st  another  portion,  minute  indt^^d,  still,  in  bodies  abountling  in 
ygen,  not  quite  insignificant,  is  converted  into  nitric  oxide  gas,  which 
is  snbse<]uently  transformed  wholly  or  partially  intn  uitrous  acid  by  the 
air  in  the  apparatus.  The  applicjition  of  the  methods  deRcril>ed  in  J^§ 
174j  &o.,  in  the  analysis  of  nitrogenous  subst^iuces  would  accordingly 
give  too  much  carbon ;  siuce  the  potash  bulbe  would  retain,  besides  the 
carbonic  acid,  also  the  nitroua  acid  formed  and  a  portion  of  the  nitric 
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Gxith  (wlildi  in  ili«  pliOHailOO  of  pot«flfift  decomposes  Eilowly  into  rdtroiM 
add  msd  nitroun  oxide.)  This  defoct  mny  be  reme^kfd  by  3elf»ctmg  t 
oumbuHtiyii  tuW  nbout  12  —  15  cm.  longer  than  thD&e  coiomojUj  «id- 
plojed,  liUiiii;  tliia  in  the  u»uaJ  way,  but  finiahmg  with  a  kio»e  lapr, 
Ab<nit  & — 12  em.  long,  of  clc*n,  line  copjiar  tuminga  (§  0*1,  5),  or  m 
OQfflUMct  roll  of  cop|HPr  wu-«(-gaTiM.*^  The  process  ia  coimm-ticed  fcf 
bea^ag  tbe^o  oopjicr  tumin|!;8  to  radni»aa^  in  which  at&Us  thej  »«?  laiiii* 
teined  dimiig  the  whole  course  of  the  opera tioa.  These  are  the  oulf 
nuxiiticatioQM  rc*qiiired  to  adapt  tha  methodft  above  described,  for  ^ 
§m»ljms  of  nitrogenoua  substances.  The  Uise  of  the  metallic  ooppttr 
depvnds  upon  ita  prci|>erty  of  decompoiiirig,  wb^n  io  a  state  of  intone 
ignition,  all  the  oxidm  of  nitrogen  into  oxygen,  with  which  it  conibiiw»^ 
and  into  pure  nitrogen  gas.  As  the  m^tal  cxf^rcises  this  action  unly 
wh<*n  in  a  utate  of  intense  ignition,  oaro  must  l>i?  t>aken  to  msdntaia  the 
anti^rior  ]»*rt  of  tha  tube  in  that  state  thi-oughout  the  procesa.  As  m^ 
tiillio  copp<»r  recently  reducc>d  retains  hydrogen  gas,  and,  when  kept  for 
mom*?  tinuj,  iujui»oiia  rapor  condensed  on  the  sui-faoe^  the  oafifi^r  tumiup 
iutt^nfit^d  for  the  proce^  must  he  introduced  into  the  tube  hot  am  ih^ 
ciMtUK  from  tlie  drying  closet  (which  is  heated  to  100^),  r,  IjEr 
BIO  reoonunendii  to  compress  the  hot  turnings  in  a  tube  int4>  a  cylin- 
drical form,  to  facilitate  their  rapid  introduction  into  the  oonihv^ 
tion  tube. 

*J.  If  it  in  intandod  to  hum  nitrogenous*  botiie^  m  the  apparatro 
d(*iftcrib«^!  in  §  1T8,  the  eombuation  tube  should  be  about  80  cm.  loiig, 
Mid  Iho  antcrrior  part  of  it  filled  with  a  layer  15  —  IH  cm.  long,  of  drm 
ooppw  turnings,  t^aifi  must  he  taken  to  keep  at  least  thi?  ant^^rior  half 
of  tht'  turningi5  from  oxi^hjiing,  both  during  the  ignition  in  the  curn^nt 
of  air  und  during  the  actual  process  of  eomhustion*  Wlien  the  opertr 
tion  is  terniiuated,  and  the  oxidation  of  the  metallic  copper  is  viMbly 
progressing,  the  oxygen  is  turned  off,  and  the  cock  of  the  air  gasometer 
opened  a  little  instead,  to  let  the  tube  cool  in  a  slow  stream  of  atmos- 
pheric air. 

b.  Determination  of  the  Nitrookn  in  Organic  Compounds. 

As  already  indicated,  two  essentially  different  methods  are  in  use  for 
effecting  the  determination  of  the  nitrogen  in  organic  compounds; 
viz.,  the  nitrogen  is  either  separated  in  the  pure  form  and  its  volume 
measureil,  or  it  is  converted  into  ammonia,  and  this  is  determined 
either  as  bichloride  of  platinum  and  chloride  of  ammonium,  or  by  neo- 
traliiation. 

a,   Df^termuMlion  of  the  N'itrogen  from  the  VolumA, 
§184. 

DrMAs'  Method,  modified  by  SchieL 

This  method  may  be  employed  in  the  analysis  of  all  organic  oompomids 
Ci^ntaiuing  nitrogen.  It  requires  a  graduated  ^ass  cylinder  of  about 
wlH>  o.  o,  ca|iaoity^  with  a  ground-glass  plate  to  cover  it. 

*  The  cy>pp<M^  nmiiags  cannot  be  ie|4aced  bj  the  metallK  |K>wd^ 
v^tuclK^  v>f  tb«  oxide  with  bjdro^en.  as  this  obsEtmatetj  retains  hjdiofva,  and 
cv%»te»vju«ittr  iWcv>m|Ki«»»  mp|x«ciaiae  quantities  of  carbonic  acid  with  fonai 
or  carUxAK^  v«iK     Schr.^lar,  Laatemann,  Joom.  1  pcakL  Chem.  77,  SIC 


Tlie  combufitiou  tube  should  be  60  or  70  cm,  long,  and  drawn  out  at 
the  posterior  end  to  a  stout  open  taiJ,  which  should  have  a  smaU  bulb  or 
swell  for  the  better  fastening  of  a  rubber  tulje  to  it.  Introduce  into  it 
near  the  tml  a  plug  of  newly  Lgniteii  aabestos,  then  a  layer  of  oxide  of 
oopfier,  4  cm.  long ;  after  this  the  iutimfile  mmcture  of  an  accurately 
weighed  portion  of  the  substatioe  (0-3 — O'G  gnn*,  or,  in  the  case  of  com- 
pounds poor  in  nitrogen,  a  somewhat  larger  quantity)  with  oxide  of  cop- 
per, then  the  oxide  which  has  served  to  rinse  the  mortar,  followed  by 
a  layer  of  pure  oiide,  and  lastly^  a  lay^er  of  copper  turniugB,  about  15 
cm,  long.  Make  a  eJiannel  along  the  top  of  the  tube  by  gentle  dipping. 
Connect  the  tube  with  the  bent  deEvery  tube  c  /(fig.  91),  and  place 


Fig.  01. 


in  the  furnace.  Connect  the  tail  by  means  of  a  stout  tube  of  india  rub- 
ber with  an  apparatus  for  ^%  iiig  a  continuous  etream  of  washed  car- 
bonic acid  gas.  Tran^uiit  tliis  slowly  through  the  tube  for  half  an  hour, 
then  immerse  the  end  of  tlie  bt^nt  delivery  tube  under  mercury,  aud 
invert  over  it  a  test  tube  tilled  with  solution  of  pot^issa.  If  the  gas 
bubbles  entering  the  cylinder  ai'e  completely  absorbed  by  the  solution 
of  potassa^  this  is  a  proof  that  the  air  is  thoroughly  expelled  from  the 
tube.  But  shfjuhl  tliis  not  be  the  case,  the  evolution  of  carbonic  acid 
must  be  continued  until  the  desil^ed  |>oijit  h  attidned.  When  the  g«ii  k 
completely  absorbed,  close  the  comraunication  between  the  CO3  genera- 
tor antl  the  conihustion  tube  by  a  screw  clamp  or  stop-cock,  invert  the 
graduate<l  cylinder,  tilled  |  with  mercury,  i  with  oonoentnit^d  aolution 
of  [jotassa,  over  the  end  of  the  delivery  tube,  with  the  aitl  of  a  ground- 
glass  plate,*  and  proceed  with  tlio  combustion  in  the  usual  way,  heating 
first  the  anterior  end  of  the  tube  to  iK>dness,  and  advancing  gradually 
towards  the  farther  end.  In  the  last  stiige  of  the  process,  coiiimuniea 
tian  ia  reestablished  with  the  CO^  generator,  and  thus  the  whole  of  the 
nitrogen  gas  which  still  remains  in  the  tube  in  forced  into  the  cylinder. 
Wait  now  until  the  volume  of  the  gaa  in  the  cylinder  no  longer  decreases, 
even  upon  shaking  the  latter  (consequently,  until  the  whole  of  the  car^ 
bonic  acid  has  been  absorbed),  then  place  the  cylinder  in  a  large  and 
deep  glass  vetisel  filled  with,  water,  the  transport  from  thv  mercurial 
trough  to  this  veeael  being  eflected   by  keeping  the  aperture  closed  with 

•  The  following  is  the  beat  way  of  fiJliog'  the  cylinder  and  inverting  it  over 
Uie  opening  of  the  bent  delivery  tube : — The  mercury  is  introduood  first,  and 
the  air-bubbles  which  adhere  to  the  walla  of  the  vessel  iire  removoil  in  the  usual 
wnj.  The  solution  of  potasaa  ia  then  poured  in,  leaving  the  top  of  the  cylinder 
Hree^  to  the  extent  of  about  2  lines ;  this  is  cautiously  filled  up  to  the  brim  with 
pare  water,  and  the  ground -glass  plate  slided  over  it.  The  cylinder  m  now  in- 
▼eited,  and  the  opening  placed  under  the  mercmy  in  the  trough  -,  the  glaas  plate 
is  then  withdrawn  from  under  the  cylinder.  In  this  manner  the  operation  may 
be  performed  easily,  and  without  soUlng  the  fingers. 
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a  small  dish  fiEed  witli  mercuiy.  The  raercuiy  and  the  aolution  of 
potofisa  sink  to  the  bottom,  and  are  replaced  hy  water.  ImmeiBe  the 
cylinder,  then  raise  it  again  until  the  water  is  inside  and  outmd^  fm  an 
exact  level;  road  off  the  volume  of  the  gas  and  mark  the  U'  e 

of  the  water  and  the  state  of  the  barometer  ;    calculate  the  wej,  ue 

nitrogen  ga^  from  its  volume,  after  reduction  to  the  normii  ieiapeni^ 
ture  and  pressure,  and  with  due  regard  to  the  tension  of  the  aqueouB 
vapor  (comjn  **  Calculation  of  Analys*?«").  The  results  are  generally 
somewhat  too  high,  viz.,  by  about  0*2 — ()*5  per  cent. ;  this  is  owing  to 
the  circumstance  that  even  long-continued  transmission  of  carbonic  acid 
through  the  tube  fails  to  expel  every  trace  of  atmospheric  air  adhering 
to  the  oxide  of  cop|>er. 

It  is  highly  advisable,  before  making  any  nitrogen  detemiinatLons 
with  this  method,  to  subject  a  non -nitrogenous  substajice,  i?.^.,  sugar, 
to  the  same  process^  The  analyst  tliei*eby  acquaints  himself  with  the 
extent  of  the  error  to  which  he  will  be  expoficd.  In  such  an  experi- 
ment the  quantity  of  unabsoiberi  gas  should  not  exceed  1  or  1|  ex. 

To  insure  eoDiplete  combustion  of  difficultly  combustible  bodies, 
Strec'ker  recommeinis  th*>  addition  of  arseuioua  acid  in  powder  to  the 
oxide  of  co]>per  with  which  the  substance  Ls  to  be  tuixed ;  tbe  arsenious 
acid  is  volatilized  by  the  action  of  the  heat,  the  fumes  burning  the  whole 
of  the  carbon  like  a  current  of  oxygen.  The  arsenious  acid  sublimes  in 
the  anterior  part  of  the  tube,  arsenic  remains  in  the  copper, 

[Fnankland  *  and  Gibbs  f  employ  the  Sprengei  mercury  pump  to  eX" 
haust  the  combustion  tube  of  air  previous  to  the  combustion,  and  aft« 
wards  to  transfer  the  nitrogen  to  the  receiver,  and  obtain  wi-v  nm 
results,] 

^.  J}eUrmination  of  Nitrogen  by  conversion  into  Ajmaania. 

Yarrentrapp  and  Will's  Method. 

§185. 

This  method  may  be  applied  to  all  nitrogenous  compoiinds,  exce^ 
those  containing  the  nitrogen  in  the  form  of  nitric  acid,  hyponitric  ; 
&C.J  It  is  based  ujjon  the  same  principle  os  the  method  of  exaniinii 
organic  bodies  for  nitrogen  (§  172,  1,  a),  \iz,,  upon  the  circumstance  thi 
when  nitrogenous  bodies  ar»3  ignited  with,  the  hydrate  of  an  alkali,  the 
water  of  hycb-ation  of  the  lattc^r  is  decomposed,  the  oxygen  forming  with 
the  cai'boii  of  the  orgiinic  boily  carVjonic  acid,  which  then  combines  with 
the  alkali,  whilst  the  liydrogen  at  the  moment  of  its  liberation  combinea 
with  the  whole  of  the  nitrogen  present  to  ammonia, 

'  In  the  case  of  subBtAiices  aboniuliiig  in  nitrogen,  such  as  uric  acid, 
mellon,  <ic.,  the  whole  of  the  nitrogen  is  not  at  once  converted  into 
ammonia  in  this  jirocess ;  a  [xu-tion  of  it  combining  with  part  of  the 
carbon  tif  the  organic  matter  to  cyanogen,  which  then  combines,  either 
in  that  form  with  the  alkali  metal,  or  in  form  of  cyanic  add  with  the 
alkalL  Direct  ex]>eriment8  have  proved,  however,  that  even  in  such 
cases   the   whole  of  the  nitrogen  is  ultimately  obtained  as  ammonia,  if 

[*  Journal  Chenx  Soc.,  1868,  p.  90.1 

(j  Unpubliahed  paper  read  before  National  Academy  of  Bcienoea,  Aug.,  1868.] 
[f  Vef^etable  matters,  as  dried  planta,  containing^  not  more  than  3  per  cent  d, 
NOft  may  be  analysed  by  this  method    In  a  case  where  6  per  cent,  of  NO5  waa  p» 
eent,  a  loe«  of  i)2  per  L«nt,  of  N  took  place  in  the  expenmento  of  R  Scbul»tJ,- 
Frea.  Zeit-rohrift  vl,  1187]. 
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the  Iiydmted  aBcali  is  present  in  excess^  and  the  lieat  applied  sufficiently 
12)  tense. 

As  in  all  organic  nitrogenous  compounds  the  carbon  preponderates  over 
the  nitrogen,  the  oxidation  of  the  former,  at  the  expense  of  the  water, 
will  invarinhly  liberate  a  quantity  of  hydrogen  more  than  sulficient  to 
convert  the  whole  of  the  nitrogen  preaent  into  ammonia  j  for  instance^ 
CVN  +  4  H  0=2  C  0,H-N  H,+  H. 

Hie  excess  of  the  liberated  hydrogen  escapes  either  in  the  free  state, 
or  in  combinatiou  witli  the  not  yet  oxidized  carbon,  accoi^ing  to  the 
relative  proportions  of  the  two  elemenU  and  the  temperature,  as  marsh 
gas,  olefiant  gas,  or  vapor  of  readily  condeiisible  hydrocarbons,  which 
gases  serve  in  a  certain  meiisure  to  ditiite  the  ammonia.  As  a  certain 
dilution  of  that  product  is  necessary  for  the  success  of  the  operatiim,  I 
will  here  at  once  state  that  substances  rich  in  nitrogen  should  he  mixed 
with  more  or  less  of  some  non-mtrogenous  body —  sugar,  for  Instance — 
so  that  there  may  be  no  deficiency  of  diluent  gaa. 

The  ammonia  is  determined  volume trically,  see  §  208, 
aa^  Requitdtes. 

1.  The  objects  enumerated  §  174,  and  aPoBCELAiN  Mortar  for  weigh- 
ing  and  mixing  the  substance. 

2.  A  OoMBiJSTiON-TUBE  of  the  kind  deBciibed  §  174,  3 ;  length  about 
40  ciu,,  width  alKiut  12  mm.  The  combustion  is  effected  in  an  ordi- 
nary combustion  furn^ico  (g  174,  11). 

3.  h^oDA-LiMK. — (5<  *i<i,  4).  It  ia  ad™able  to  gently  heat  in  a  pla- 
tinum or  porcelain  dinh,  a  quantity  of  tlie  soda-lime  sufficient  to  fill  the 
combustion  tube,  so  as  to  have  it  perfectly  dry  for  the  process  of  com- 
bustion. In  the  analysis  of  non-volatile  substances,  the  best  way  is  to 
use  the  soda-lime  while  still  warm. 

4.  AsBEST*js, — A  small  portion  of  this  substance  is  ignited  in  a  pla- 
tinum crucible  previous  to  use, 

5.  A  Vahrentrapp  and  Wili/s  BuLU-ArPARATDS, — ^This  may  be  ob- 
tained from  the  shops*     Fig.  92   shows  its  form.     It  is  filled  to  the 


Fig.  »8. 

extent  indicated  in  the  drawing  with  standard  sulphuric  acid  §  204,  of 
which  20  c.c.  should  Iw  employed.  The  acid  is  introdiiced  either  by 
dipping  the  point  into  the  acid^  and  applying  suction  to  t/,  or  by  means 
of  a  burette. 

In  order  to  guard  against  the  receding  of  the 
acid  into  the  combustion  tube,  Arendt  and  Knop 
have  suggested  the  form  indicated  fig.  93. 

6.  A  soft,  we  11- perforate  1 1  Cork,  which  fits  the 
OOmbnstion  tube  air-tight,  and  in  which  the  tube  d 
of  the  bulb  apparatus  fits  closely. 

7.  A  Hut'Tios-TUBE  of  caoutchouc  adapted  to  the 
point  of  the  bulb  apparatus. 


Pig, 
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hb.  The  Jh-oeess. 

Tlie  combustion  tube  is  half  filled  with  soda-lime,  which  is  ni*-'ii  gr 
dually  transferred  to  the  perfectly  dry,  and,  if  the  nature  of  the  mk 
BtAnce  permits,  rather  warm  mortar,  where  it  is  most  intimately  unx^^l 
with  the  weighed  substance,  forcible  pressure  being  carefully  aT<n<ii  'J ; 
a  layer  of  soda-lime,  occupying  about  3  cm,,  is  now  introduce*!  inUi 
the  posterior  part  of  the  combustion  tube,  and  the  mixture  fili*'*i-iii 
after;  the  latti^r,  which  wDl  occupy  about  20  cm»,  is  followeii  by  a 
layer  of  about  5  cm.  of  soda-lime,  which  has  been  used  to  rinse  tlie 
mortaFi  and  this  again  by  a  layer  of  1 2  era.  of  pur©  aoda-lime,  leavin 
thua  about  4  cm.  of  the  tulie  clear.  Tbe  tube  is  then  closed  wid 
a  loose  plug  of  nfibestos,  and  a  fn*e  passage  for  the  evolved 
formed  by  a  few  gentle  taps ;  it  is  then  connected  with  the  bulb 
para t us  by  means  of  the  perforated  cork,  and  finally  placed  in  the  oom- 
bustion  furnace  (see  &g,  92). 

To  ascertain  whether  the  apparatus   closes  air-tight^  some  air  b  ei- 
peiled  by  holding  a  piece  of  red-hot  charcoal  to  the  bulb  o,  and  th<fl  ap- 
paratus observed,  to  see  whether  the  liquid  will,  upon  cooling,  peruia- 
nently  assume  a  higher  position  in  a  than  in  the  other  linib.     Tbe  tub 
is  then  gradually  sunoundttd  with  ignited  eharci^al,  commencing  at  th 
anterior  part,  and  progressing  slowly  towards  the  tail,  the  ope  ratio 
being  conducted  exactly  as  in  an  ordinary  combustion  (§  17.>).     Ca 
must  be  taken  to  keep  the  anterior  part  of  the    tube   tolerably 
throughout    the    process,  since    this    will  almost  entirely  prevent 
passage  of  liquid  hydrocarbons^  the  presence  of  which  in  the  standa 
acid  would  be  inconvenient.     The  asbestos  should  be  kept  suthcieut! 
hot  to  guard  against  its  rctiiining  water,  and  with  this,  ammoni-a. 
combustion  should  be  conducted  so  as  to  maintain  a  ste-ady  and 
terruped  evolution  of  gas  ;  there  is  no   fear  of  any  ammonia  escapii^ 
unabsorbed,  even  if  the  evolution  is  rather  brisk ;  but  the  openitor  in« 
constantly  be  on  his  guard  a^rainst  the  receding  of  the  acid,  whicb  talca 
place   the  moment    the  evolution  of  gas  ceases,  and  tlus,  in  some  i 
stances,  witlx  Kui-h  im]*etuosity  as  to  force  the  acid  inUy  the  combustio 
tube,  which  of  course  spoils  the  whole  snalysis.     This  difficulty  may  I 
readily  met,  however,  by  mixing  with  the  sulistance  an  equal  quantity 
of  sugai',  which  vdU  give  rise  to  the  evolution  of  more  permanent  gas^' 
diluting  the  ammonia. 

Wlien  the  tiilMi  is  ignited  in  its  whole  length,  and  the  evolution  of 
gas  hfljs  lotttUy  ceased^*  thi^  jwiint  of  the  combustion  tube  is  broken  c^^ 
BJid  air  to  the  extent  of  seveml  times  the%^olume  of  tlie  jjas  in  the  fut 
is  sucked  through  the  apparatus,  to  force  all  the    rest  of  the  ammon 
into  tlie  acid. 

Liquid  nitrogenous  compounds  ai'e  weighed  in  small  sealed  glasa  bulfa 
and  the  process  in  conduct ed  Jis  directed  §  180,  with  this  difference,  tli 
soda-lime  is  suhKtituted  for  oxide  of  copper.  It  is  advisable  to  emplfl 
tubes  of  greater  length  fi»r  the  combustion  of  liquids  than  tire  requiti 
for  solid  botlies.  The  best  method  of  conducting  the  operation,  b  \ 
heat  firyt  about  one-third  of  the  tube  at  the  anterior  end,  and  then 
force  the  liquid  from  the  bulbs  into  the  tube  by  heating  the  liind 
end  of  the  latter ;  the  expelled  liquid  will  thus  become  diffused  in 


*  This  is  indicated  by  the  white  color  which  the  mixture 
tbe  carbon  deposited  on  the  surface  is  oxidiised. 


I  when  \ 
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central  part  of  fclie  tub^,  without  bemg  decoinpoBeci.  Bj  a  progressive 
application  of  he^it,  proceeding  slowly  from  the  anterior  to  tbe  posterior 
end,  a  st^a4ly  and  uniform  evolution  of  gas  may  be  eatdly  miiintained. 

When  tbe  combustion  is  terminated^  the  bulb  apparatus  is  emptied, 
through  the  opening  at  the  point  into  a  Ijeaker,  and  rinsed  with  water 
until  the  rinsings  cease  to  manifest  acid  reaction. 

The  excess  of  aeid  is  determined  Ijy  means  of  standard  potaah  solu- 
tion and  cochineal  tinct\ire,  or,  if  the  acid  is  so  colovfid  that  the  point 
of  neutralization  cannot  readily  be  decided  by  cochineaL  employ  slips  of 
turmeric  pa]>er  (see  §  208), 

It  is  advantageous  to  use  a  rather  liilute  acid,  1  c.c.=0'005  grm.  of 
nitrogen.  The  receiver  (fig,  94)  may  be  advaiitageously  substituted 
for  the  bulb-tube.  The  tube  a — pre%^ously  provided  with  the  caout- 
chouc stopper  h — is  first  connected  by  the  aicJ  of  a  good  cork  with  the 
combu»tio£i  tubCj  and  then  the  U-tube  c — ha\dng  been  charged  with  the 
proper  quantity  of  acid  from  a  Motir's  burette— is  added.  At  the  ter- 
mination of  the  combustion,  when  air  hasi  been  drawn 
througli  the  ajiparatus,  the  tube  a  h  rinsetl  into  the 
j^paratiis  r,  some  tincture  of  cochuieal  added,  and 
standard  alkali  run  into  the  tul>e  frtun  a  second  bu- 
rette, until  the  acid  is  almost  neutralized.  Now  pour 
the  contents  of  the  a|ii>anitus  into  a  beaker,  rinae 
with  water,  and  complete  the  neutralization.  With 
this  receiver  neither  receding  nor  sjurting  is  possible. 
By  not  pouring  out  the  fluid  tUl  the  point  of  satu- 
ration is  nearly  attained,  you  require  less  water  for 
nnsing  the  tube.  This  method  is  rapid  and  accu- 
rate. 

[Iron   gas  tubes   may  be    advantageously  substi* 
tnted  for  glass  tubes.     They  are  closed  at  the  rear  pjg.  94 

with  a  cork,  carrying  a  bit  of  glass  tube  drawn  out 
to  a  sealed  tail.  The  mixture  is  confined  to  its  place  by  loose  asbestos 
pings.  The  corks  are  kept  from  charring  by  wrapping  the  end  of  the 
tube  with  two  or  three  thicknesses  of  filter-paper,  w^hich  is  kept  wet  by 
A  wa&h-fiask,  or  by  dipping  the  depending  end  into  a  vessel  of  water. 
The  tubes  should  he  45  cm.  long,  and  5  cm^  at  each  end  slioidd 
project  from  tlie  fire  and  be  protected  with  wet  paper. 

C.  AjTALYSia  OF  Orgajoo  Compounds  cwntainino  Sulphub  ♦ 

§186. 

The  usual  method  of  determining  the  carbon  in  organic  bodies — ^vue., 
by  combustion  with  oxide  of  copper  or  cljroraate  of  lead — w^ould  give  re- 
wilts  too  high  in  the  analysis  of  compounds  containing  sulj>hur,  since — 
more  especially  if  oxide  of  copper  is  used- — a  portion  of  the  sulphur 
would  be  converted  in  the  process  into  sulphurous  acid,  which  would  bo 
absorbed  with  the  carbonic  arjid  in  the  potash  bulbs.  Carrts  recora- 
tnends  to  bum  subst^incea  containing  sulphur  in  a  tube  60 — ^80  cm.  long, 
with  chromate  of  lead,  care  being  taken  that  the  anterior  10 — 20  cm.j 
which  cont4iin  pure  chromate  of  lead,  are  never  heated  above  low  red- 
ness. The  chromate  of  lead  may  be  tised  again  thi-ee  or  four  times 
without  refusion  ;  and,  finally,  if  treated  by  Vohl's  method  (p.  97),  it 

[*  WarreD'S  method  of  determiaing  carbon,  bydrogen^  and  aatphur  in  one  opera- 
tioD  is  dascribed  in  Am  Jour.  Soi.,  vol.  41,  ^  eer.^  p.  40.] 
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is  just  as  fit  for  use  as  if  it  hsA  not  beea  employed  for  tlie  oombustion 
of  a  substance  containing  sulphur. 

The  presence  of  sulphur  demands  no  modidcation  in  the  prooen 
described  ^§184  and  185,  for  the  determination  of  nitrogen.  In  BaV> 
Btanoes  oontaining  oxjgen  in  presence  of  sulphur,  the  o^ygesk  ts  esti- 
mated from  the  loss. 

As  regards  the  egtimaiion  of  the  mdpKur  in  organio  oompomidB,  that 
element  is  invariably  weighed  in  the  form  of  sulphate  of  baryta^  into 
which  it  may  be  converted  either  in  the  dry  or  in  the  wet  way, 

a.  Methods  in  th^  Ihy  VTay, 

L  Method  tmiiahUy  more  pwrtimdarly^  to  deUrmlrvB  the  mdphur  in 
vdaiiU  S^ihttiunces  poor  in  Stdphur,  t.g.,  in  ths  go-called  JProlein  Con^ 
pmimls  (v.  Li K big). 

Put  some  lumps  of  hydrate  of  |>ota8sa,  free  from  sulphuric  acid  (§  fi6, 
6.  c),  into  a  capacious  silver  dish,  add  I-  of  pure  nitrate  of  potassa,  and 
fuse  the  mixture,  with  atldition  of  a  few  drops  of  water.  When  the  maa 
is  cold,  add  to  it  a  weighed  quantity  of  the  finely  pulverized  substaiioe, 
fuse  over  the  lamp,  stir  with  a  silver  spatula,  and  increase  the  heat^ 
tiJiuing  the  operation  until  the  color  of  the  mass  shows  that  the  carl 
separated  at  ^rst  has  been  completely  consumed.  Should  this  occupy 
too  much  time,  you  may  accelei^ate  it  by  the  addition  of  nitrate  of 
potassa  in  small  portions.  Let  the  mass  cool,  then  dissolve  in  water, 
Bupersatut  ate  the  solution  with  hydrochloric  acid  in  a  capacious  beaker 
covered  with  a  glass  dish,  and  precijjitate  with  chloride  of  barium. 
Wash  the  precipitate  well  with  boiling  water,  first  by  decantation,  then 
on  the  filter.  Dry  and  ignite.  Treat  the  ignited  sulphate  of  baryta  as 
directed  p.  265  ;  if  this  latter  operation  is  oiiiitiedj  the  result  is  almoat 
always  too  high. 

2.  3Iefhod  adapted  mort  particularly  for  the  AntdysU  of 
or  iUfieidthf  mlatUs  Substances  containing  more  than  b  per  oewtn  of 
phur  (KOLBE*). 

Introduce  into  the  j>osterior  part  of  a  straight  combustion  tnbe,f  40 — 
45  cm.  long,  a  layer,  7 — 8  cm.  long,  of  on  intimate  mixture  of  8  pj 
of  pure  anliydrous  carbonate  of  soda,  and  1  part  of  pure  chlorate 
potassa ;    after  this    intrr^tkico    the    weighed    substance,  then   anoth< 
layer,  7  or  8  cm.  long,  of  the  same  mixture;  mix  the  organic  compound 
intimately  \^ith  the  carbonate  of  .soda  and  chlorat^^  of  [K>tassa,  by 
of  the  mLsing  wire  (lig.  76,  p.  426) ;  fill  up  the  stiD  vacant  part  of  t 
tube  with  anhydroua  carbonate  of  soda  or  potassa  mixed  with  a  litil< 
chlorate  of  potassa.     Clear  a  wide  passage  from  end  to  end  by  a  few  gei 
tie  baps,  place  the  tube  in  a  combustion  furnace,  heat  the  anterior 
to  redness,  and  then,  progressing  slowly  tfjward  the  posterior  part,  pi 
ceed  to  surround  with  red-hot  charcoal  the  part  occupied  by  the 
ture.     In  the  analysis  of  substances  abounding  io  carbon,  it  is  advisable 
introduce  into  the  posterior  part  of  the  tube  a  few  lumps  of  pure  chloral 
of  potiisaa,  to  insure  complete  combustion  of  the  carbon,  and 
conversion  into  sulphates  of  the  compounds  of  potassa  with  the  Iow( 
oxides  of  Huljdiur  that  may  have  foi-med.    The  sulphuric  acid  in  the  con- 
tents of  the  tube  is  determined  as  in  1« 


>!^t 


*  Suppletneute  Kuro  Handwdrterbtich.  205. 

f  Sealed  and  rounded  at  the  end  like  a  teat  tnbe. 
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3.  Method  ctdapted  for  the  Afialyns  hoUi  of  fum-volatUe  aitd  volaiili 
SubetanceSj  but  more  e^pecifdly  the  latter  (Debus*), 

Dissolve  l-eq.  (149  parts)  of  bichromflte  of  potassa  purified  by  recrys- 
taHization,  and  2  eq.  of  carboDate  of  Roda  (106  parts)  in  wati^r,  evapo- 
rate  the  solution  to  drynesa^  reduce  the  lemon-colored  Baline  mass  (KO, 
CrOj4-NaO,  CrOa4-NaO,  CO,)  to  powder,  heat  to  intense  redness  in  a 
Hessian  cnicible,  and  transfer  still  hot  to  a  fiUing-tnbe  (fig,  75,  p, 
426). t  When  the  powder  is  cold,  introduce  a  layer  of  it,  7 — 10  cm. 
long,  into  a  cominon  combiistion  tnbe ;  then  introduce  the  Bubstance,  and 
after  this  another  layer,  7 — 10  cm.  long,  of  the  powder.  Mix  inti- 
mately by  means  of  the  mixing  wire,  then  till  the  stiU  imoccnpied  part 
of  tlie  tube  with  the  saline  mixture,  and  apply  heat  as  m  an  ordinary 
ultimate  analysis.  When  the  entire  mass  is  heated  to  redness,  conduct 
a  alow  stream  of  dry  oxygen  gaa  over  it  for  ^-^1  hour.  When  cold, 
wipe  the  ash  off  the  tube,  cut  the  latter  into  several  pieces  over  a  sheet 
of  paper,  and  treat  them  in  a  beaker  with  a  sufficient  quantity  of  water 
to  dissolve  the  saline  nia«a.  Add  hydrochloiic  acid  in  tolerable  excess, 
then  some  alcohol,  and  apply  a  gentle  heat  until  the  sohition  shows  a 
beautiful  green  color;  filter  off  the  sesquioxide  of  chromium  pr<Kiuced 
by  tlie  combustion  (this  contains  sidphuric  acid)  \  wash  first  with  w^ater 
contAining  hydrochloric  acid,  then  with  alcohol,  dry,  and  transfer  to  a 
platinum  crucible;  add  the  filter-ash,  mix  ivith  1  part  of  chlorate 
and  2  parts  of  carbonate  of  pitassa  (or  soda),  and  ignite  until  the  ses- 
quioxide  of  chromium  is  completely  converted  into  alkaline  cliromate. 
Dissolve  the  fused  mass  in  dilute  hydrochloric  acid^and  reduce  by  heating 
with  alcohol ;  add  the  solution  to  the  fltiid  filtered  from  the  sesquioxide 
of  chromium,  heat  the  mixture  to  boiling,  and  precipitate  the  sulphuric 
acid  with  chloride  of  barium.  Debcts^s  teat-aualynea  wei'e  very  sjitin- 
£EU^ry  ;  thus  he  obtained  99*7<>  and  O9*f>0  of  sulphur  for  100,  again 
30*2  of  sulphur  in  xanthogen amide  for  30*4,  «kc. 


Krta 


4.  MMcd  0quaUt/  o/M/i W  for  tlte  A  nali/m^  of  SoUJ  and  Liquid 
TolcUile  Compounds.     (W.  J.  Kir88ELL;J  suggested  hy  Bunsen.) 

Introduce  into  a  combustion  tube,  40  cm.  long,  sealed  at  the  posterior 
first  2 — 3  grm,  pure  oxide  of  mercury,  then  a  mixture  of  equal 
of  oxide  of  mercury  and  pure  auhydrous  carbonate  of  stidw^  mixed 
with  the  substance,  and  till  up  the  tube  with  crirbonat*?  of  soda  mixed 
with  a  little  oxide  of  mercury.  Connect  the  open  end  of  the  tube  with 
a  gia  delivery  tnbe  dipping  under  wat*^r,  t-o  effect  the  condensation  of  the 
mercurial  fumes.  Place  a  screen  in  front  of  the  part  of  the  tube  occu* 
pied  V»y  the  8ubst4ince,  then  heat  the  anterior  part  to  bright  rethuAss,  and 
maintain  thi*t  teruj>eniture  during  the  entire  process.  At  the  same 
time,  heat  another  portion  of  the  tube,  nearer  to  the  end,  but  not  tA>  the 
aame  degree  of  intcjisity,  so  that  there  may  be  alternate  parts  in  the 
tube  in  which  the  oxide  of  mercury  is  left  undecompcued,     Wlien  the 


•  jbiiial.  d.  CheBL  iL  Phami,  70,  00, 

f  The  valine  mass  must  always  first  be  tested  for  sulphur.  For  thin  purpose 
a  small  portion  of  it  ia  reduced  witii  hjdroohlorto  ikcid  and  alcobol,  cb loride  of 
barium  added*  aad  tho  mixture  aOowed  to  itaud  12  houia  at  rest.  No  trace  of 
a  precdpiiate  should  he  discernible. 

J  Quart.  JoiinL  Cbem.  Soa  7,  213. 
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part  before  tlie  sereen  ia  at  bright  redness,  remove  tlie  screen,  heat  the 
mixture  containiiig  the  substance,  regulating  the  appUcatiou  of  heat 
HO  as  to  insure  complete  decomposition  in  the  C4:iurseof  10 — 15  mmutesf, 
and  heat  at  the  name  time  the  still  unheated  part«  of  the  tube,  and 
lastly  also  the  pure  oxide  of  mercury  at  the  extreme  end.  The  gas  miuit 
be  tested  from  tune  to  time,  to  ascertain  whether  it  contains  free  uxygeu. 
Dissolve  the  contents  of  the  tube  in  water,  add  some  chloride  of  mer- 
cury, to  decompose  the  sulphide  of  sodium  which  may  have  formetl, 
aodify  the  hydrochloiic  acitl,  oxidize  the  sulphide  of  mercury  which 
may  have  formed  with  cMorate  of  |M3tassa,  and  iinally  precipitate  the 
sulphuric  acid  with  chloride  of  barium.  \V,  J.  EirssELtL  obtained  by 
this  method  ver>'  satifkctory  results  in  the  analysis  of  pure  sulphur, 
gulphocyanide  of  potassium,  and  bisul[)hide  of  carbon. 

h.  Method  in  the  Wet  TTay .♦ 

According  to  Rjvot,  Beitdant,  and  DAOuix,f  the  sulphur  in  organic 
compounds  may  be  reiidily  tJetermined  by  heating  with  pure  solution  of 
potassa,  adding  2  volumes  of  water  and  conducting  chlorine  into  the 
fiuid.  When  the  oxidation  is  eflect*^d,  thesohition  is  aciditied  and  ; 
from  the  excess  of  chlorine  by  application  of  heat,  then  tilter 
and  the  filtrate  precipitated  by  chloride  of  barium.  Mr.  C  J.  Mi 
in  my  laboratory,  has  employed  both  this  method  and  V.  LtiEBld^B  (a,  ] 
in  the  analysis  of  £ne  horn  shavings.  The  process  appeals  coBven 
and  exact  I 

Substances  leaving  an  ash  on  incineration,  and  which  may  therefoi 
be  presumed  to  contain  sulphates,  are  btiiled  witli  hydrochloric  acidj 
the  solution  obtained  is  filtei-ed,  and  the  filtrate  teated  with  chloride  ( 
barium.     If  a  precipitate  of  sulphate  of  baryta  forma,  the  sulphur 
tained  in  it  is  deducted  fiom  the  quantity  found  by  one  of  the  metbo 
descril>cd  above ;  the  ditlcrence  gives  the  quantity  of  the  sulphur  whid 
the  analyzed  substance  contains  in  organic  combination. 

D.    Detekmination  of  Fiiospmohits  IK  Obgakic  Corpoc^'ds. 

§  187. 

MuiiDER,  who  has  occupied  himself  much  with  the  determiiiatioia 
of  phosphorus  in  organic  substances,  recommends  the  following  me* 
thod:— 

I)isi*olve  a  weighed  portion  of  the  substance  by  boiling  with  hydt 
chloric  acid;    filter,  if  necessary,  and  determine  the  phosphoric 
which  the  *luid  may  contain,   by  Berthier's  method  (§    134,   L, 
Boii  another  weighed  portion  of  the  substance  with  nitric  acid, 
treat  the  fluid  in  the  same  way  as  the  hydrochloric  acid  solution. 
you   find   in  both   cjises  the  same   percentage  of  phosphoric  acid, 
substance   contains  the  j>hosphorus    only  in    the  foi*m   of    phosphoti 
acid  ;    but   if  you  obtain    a  larger  proportion  of  acid   in   the   secoii 
experiment  than   in    the  firnt,    the    ditlerence    indicatt^s    the  qnantilj 
of    phosphoric  acid    formed    by  the  action  of    the   nitric    acid    u|] 

[^  For  the  excellent  piooeases  of  Carius,  see  Ann&L.  d.  Gbem  u.  Phann.  1  li 

+  Comp.  rend  37,  835 ;  Jonm,  f ,  prakt  Ohem.  61,  185. 

I  Two  experiments  were  made  with  each  method,  on  horn  dried  at  100*. 
The  peroentogea  obtained  were  as  followa :— By  v.  Liebig's  method,  3  37  »»d 
JJ-845  ;  by  the  preient  method,  3*31  and  3-33. 


pKosphorus  contained   in   the  analyzed   compound  i^^tne  unoxidized 
Btate. 

The  phosphorus  cannot  he  determined  bj  incineration  of  the  stjb- 
stanee  ajid  oxamioation  of  the  ash,  Vitellin,  which,  when  treated  with 
nitric  acid,  gives  3  per  cent,  of  phosphoric  acid,  yields  barely  0*3  per 
cent,  of  ash  (v.  BAUMiTAtTER). 

The  methcidH  doncribed  in  §  18B,  a,  1,  2,  4^  and  b,  may  also  be  em- 
plojed  to  determine  the  total  quantity  of  phosphorus  in  organic  sub- 
stances. 

K     Analysis  of   ORaAxrc    Substaxcbs  coNTAijrnro   Chlorine, 
Beohin£,  or  Iodine. 

§188. 

SuhHm^ea  eontammff  Srcmine  and  TmHne  are  analyzed  generally  in 
ike  mm*  mminer  m  thoie  contmning  Chlorine. 

Tkofne  portions  of  the  foUotmng  §  u^AmA  are  endoeed  between  equare 
bracks te  refer  esedu^iveii/  io  combinaiiona  of  Iodine  or  lirominey  ae  the 
cnjM?  7>wt/  be. 

The  combustion  of  organic  snbRtances  containing  chlorine  with  oxide 
of  f^opper  gives  rise  to  the  formation  of  subtliloricle  of  copper,  which, 
were  the  process  conducted  in  the  usual  manner,  would  condenne  Ln  the 
cUoride  of  calcium  tube,  and  would  thus  vitiate  the  determination  of 
the  hydrogen,  Thi«  and  every  other  error  may  l^e  prevented  bj  the 
employment  of  chromate  of  lead  (§  177)*  The  chlorine  is,  in  that  case, 
converted  into  chloride  of  lead,  and  retained  in  that  form  in  the  com- 
bustion tul>e. 

If  the  cooibustion  is  eflTected  with  oxide  of  copper  in  a  current  of 
oxygen,  the  subehloride  of  copper  is  decomposed  by  the  oxygen,  oxide 
of  copper  and  free  ehlorijie  being  formed  ;  the  hitter  is  retained  partly 
in  the  chloride  of  calcium  tube,  pai^tly  in  the  potash  bulbs.  To 
remedy  this  defect,  Staedbljsh  *  proposes  to  till  the  antenor  part  of  the 
tube  with  clean  copper  turnings ;  these  must  be  kept  red-hot  during  the 
combustion,  and  the  current  of  oxygen  must  be  arrested  the  moment 
they  begin  to  oxidize.  K.  KaAl'Tf  observes  with  reference  to  this  pro- 
tbat  it  is  well  to  place  a  roll  of  silver  foil,  about  5  inches  long,  in 
tt  of  the  layer  of  metallic  copper.  In  the  absence  of  the  silver  the 
_  "  lion  of  oxygen  has  to   he  conducted  with  caution,  in   order 

that  no  chlorine  may  be  expelled  from  the  siibchloride  of  eojijx^r  first 
forraedj  but  by  adopting  Kraut's  recommendation  we  may  continue 
Jtasing  the  gas  without  fear  till  it  esca]jes  free  fix^m  the  potash  tube. 
[In  the  case  of  substances  containing  iodine,  it  is  needless  to  employ  me- 
tallic cop|>er  as  well  as  silver  foiUJ  Tlic  silver  nia}^  be  uj*i>d  over  and 
over  again,  but  at  last  recpiirea  ignition  in  a  stream  of  hydi'ogen*  Ac- 
cording  to  A.  VoLt:KEH,|  the  evolution  of  chlorine  may  be  pi^ vented  by 
mixing  the  oxide  of  cop|ier  with  i  oxide  of  lea<Ll, 

[In  the  analysis  of  bodies  containing  bromine  the  al>ove  methods  do 
not  always  answer,  v.  GoHtjp-BESAKEZ  ||  siitistied  himself  of  this  by 
analysing  dibroniotyrosin.  Whether  this  body  was  burnt  with  chro- 
mate of  lead,  with  a  mixture  of  chromate  of  lead  and  chromate  of  potash^ 

•  JLrmaL  d.  Chem.  a.  Phano.  69,  335.     f  Zeituchrift  f.  analyt  Chem.  2.  242. 
J  Chom.  OiwL  1849,  245.  20.  |  Zeitachrift  t  analyt  Chem,  1,  4ai*. 
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witb  oxide  of  copper  and  oxygen  and  an  anterior  layer  of  chromate  of 
lead,  with  an  anterior  layer  of  copper  turnings,  whether  mixed  or  in 
the  platinum  boat,  in  whichever  way  the  analysis  was  performed  the 
carbonic  acid  always  came  out  several  per-cents  too  low,  because 
metallic  bromide  was  formed,  which  fused  and  enclosed  carbon,  thereby 
pn^ venting  its  oxidation.  The  following  process,  on  the  contrary, 
yieUkni  good  results : — Into  a  combustion  tube  drawn  out  to  a  long 
I)oint,  introduce  first  a  three-inch  layer  of  oxide  of  copper,  then  a  plug 
of  tu*best<)s,  then  a  mixture  of  the  substance  (finely  powdered)  with 
about  an  e({iial  weight  of  well-dried  oxide  of  leaii  in  a  porcelain  boat ; 
agtiin  a  plug  of  asbestos,  then  granulated  oxide  of  copper,  then  chromate 
of  lead  or  copper  turnings.  First  heat  the  anterior  and  then  the  pos- 
terior layers  to  ignition,  and  warm  the  part,  where  the  boat  is,  very 
oautio\isly  and  gradually :  everything  combustible  distils  over,  anives 
at  the  oxide  of  copj>er  in  the  form  of  vapor,  and  is  there  burnt.  In 
tbe  boat  nothing  renuiins  b\it  a  mixture  of  bromide  and  oxide  of  lead 
(\)mpK»te  the  combustion  with  oxygen,  taking  care  not  to  heat  the  point 
whori*  the  Wat  is  too  strongly,  nor  continue  the  transmission  of  oxygen 
lougi^r  than  necessary.  Observe  also  that  no  bromide  of  copper  sub- 
limes into  the  chloride  of  calcium  tube.] 

As  n^gimls  the  determination  of  the  chlorine  iUdf^  this  is  usually 
elFtvted  either  («i)  by  igniting  the  substance  with  alkalies  or  alkaline 
earths,  by  which  process  all  the  chloniLC  is  obtained  as  chloride,  or  (6) 
by  i>xidizing  the  s\ibstance  with  nitric  acid,  dire,  in  a  sealed  tube. 

(r.  As  chlorine-free  lime  is  easily  obtainable  (by  burning  marble),  this 
Ihnly  is  usually  prt^ferred  to  etfiH^t  the  decomposition*  It  must  aJways 
bt'  tested  for  ohlin*ine  previous  to  use. 

liuroiliioe  into  a  combustion  tiiU^,  about  40  cm.  long,  the  jwsterior 
eiiil  oi  which  is  sealevl  iiiul  rounded  like  a  test  tul>e,  a  layer  of  lime,  6 
rii;.  l.'H^'.  tlien  thf  sul^staiicr,  after  this  another  layer  of  lime,  «.'  cm. 
li>n^',  ;;:ia  mix  with  the  ^vi^e:  till  the  tuhe  almost  to  the  nunitli  with 
liiiu\  e!.>ar  a  t'lvv'  paN>;:»i;o  for  tho  evi»lveil  iriisi'S  by  a  few  gentle  taj-s 
aiui  Mppl\  hi-at  ill  the  uMial  way.  YolatiU'  lluids  aiv  intHniuot'd  iii:*> 
tin*  luU'  r.i  .>iiiall  ixii-i-i  inill»s.  When  the  deoomposiiii»n  is  t«-riiiin;r'''l. 
tl:^>^.^l\t»  in  i'.'.iite  i.iriiv'  a^'i«l,  ainl  preeipitatr  with  solution  of  ni::-aie  '.'l' 
s;.\t'r    ^^^   i  i  ".  ».       Kv»i  jtK   r«  A'liiiiieiuis   the   folloM-iiii:   process   t<.»  ••'f»*.ai:i 

i.»:i  tulv: — When  the  deoomp^.siti.m  i<i  c -:-- 
.  i:.s-rt  a  eork  into  th^-  open  end  uf  the  tut-:-, 
:.,  ;i:;-.l  iimiiers<*  the  luU-,  still  h  'T,  with  the 
•  a  i-iaker  ii'.lvd  tw..^:hirds  witii  .iisii:u-.i 
'  iua:.y  pitves,  an  i  the  coii:ciii5>  are  :hr-n  ir.-.rv 
.1^  nu'thod  the  i::i.i:ii-ii  ..■!  o..aiijM»u:.i.i.>  a'fi. ■u'-.-i- 
.  ir  i  wirh  I'-rmati.*:.  ».'t*  cvaiiidv  of  ealci^ii:.  ..r 
:.-.::  :;  i  I  vL-.-  vLIoiid*  ai.ti  thr-  oviiiiiil*-  .  i  >:!- 
:>v:<a  i  y  tl.c  pris.v>j>  pv^n  in  ^  I'-i',  '•,  * 
Iv.  :l.v  .i:-.a'iy>i>  of  acid  v...raiiic  o.-u.j*  iii.'is 
■-'.  :  ^2--  ':-'  aeid»,  th-.^  vl.l.yiiie  i:\.ay  .-tir  :i 
Ti.;i:.:.- r,  '-l.'..  ^y  diss -Ivi::^  :Le  su{»>:a:i.'e 
.  ■.  ss  .. !  c.i.-.l:-.-  s  ."iti-'ii  v'f  J  .'*.*«ii,  «.•^.lJ-'^.»- 
^  :";:^  i-^i  :\;v,  by  wL:-.h  ::ica:.s  ::io  whv.Ir  c-f 
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b.  In  more  readilj  decomposable  compounds,  e,  ^.,  in  tlie  Bubatitiition 
products  of  acids,  the  bulogen  may  also  he  determined  by  decomposing 
the  substance  by  contact  during  several  hours  with  water  and  sodium 
amalgam,  acidifying  the  fluid  with  nitric  acid,  and  precipitating  with  sil- 
ver aolution  (^kul6  *)* 


F,  Ajtaltbis  of  Orgajhc  Compounds  uontadong  Inorgakio  Bobies. 


§  189. 

In  the  analysis  of  organic  compounds  containing  inorganic  bodies,  it 
of  course,  neoeaaary  first  to  ascertain  the  quantity  of  the  latter  before 

oceeding  to  the  determination  of  the  carbon,  &c,,  as  otherwise  the 

aount  of  the  organic  body  whose  constituents  have  fumifthed  the  car- 
•^Isonic  acid,  water,  itc.^  not  being  known,  it  would  be  impossible  to  e«ti- 
nmt4*  the  oxygen  from  the  loss. 

If  the  substances  in  question  are  salts  or  similar  compounds,  their 
are  determined  by  the  methods  given  iii  the  Fourth  Section  ;  but 
"in  cases  where  the  inorganic  bodies  arc  of  a  nature  to  be  regarded  more 
or  leas  as  impurities  (e.^.,  the  ash  in  coal),  they  may  usually  be  deter- 
mined with  sufficient  accuracy  by  the  combustion  of  a  weighed  portion 
of  the  subfltance  in  an  obliquely  placed  platinum  crucible,  or  in  a  plati- 
num dL%h.  In  the  analysis  of  subntanoes  containing  fusible  salts,  even 
long-con  tinned  igrdtion  will  often  fail  to  effect  complete  combustion,  as 
the  carbon  is  protected  by  the  fused  salt  from  the  action  of  the  oxy- 
gen. In  such  cases,  the  best  way  to  elfect  the  purpose  is  to  carboniae 
the  substance,  treat  the  maas  with  water,  and  incinerate  the  undissolved 
residue  ;  the  ai|ueous  solution  ia,  of  course,  Ukewise  evaporated  to  dry- 
nous,  and  the  weight  of  the  residue  added  to  that  of  the  ash. 

If  organic  cooipounds  whose  ash  contains  potassa,  soda^  baryta,  lime, 
or  strontia,  are  burnt  with  oxide  of  copper,  part  of  the  carbonic  acid 
evolved  remains  combined  with  the  bases.  As,  in  many  cases,  the  amount 
(tf  cArbonic  acid  thus  retiiined  is  not  constant,  and  the  results  are,  more- 
over, more  acctiratc  if  the  whole  amount  of  the  carbon  is  expelled  and 
weighed  as  carbonic  acid,  tlie  combustion  is  effected  with  ehromate  of 
lend,  with  addition  of  |  of  bichromate  of  potassa,  accor(iing  to  the  di- 
rections given  in  §  177.  Accurate  experiments  have  «ho\^^l  tliat  in  this 
CBfie  not  ft  trace  of  carbonic  acid  remains  with  the  bases. 

If  the  snbstance  is  weighed  in  a  porct^lain  or  platinum  boat,  and  the 
combustion  is  effected  according  to  §  178,  the  ash,  carbon,  and  hydrogen 
may  be  iletemiined  in  one  portion.  The  amount  of  carbonic  acid  con- 
tained in  the  ash  is  added  to  that  fonnd  by  the  procefts  of  combustion ; 
if  the  carbonic  acid  iti  the  ash  cannot  be  calculated,  as  in  the  case  of  car- 
bonates of  the  alkalies,  it  may  be  determined  by  means  of  fused  borax 
(gI3ft,  U,r).  ,  -     ,    , 

In  burning  substances  containing  mercury,  the  arrival  of  any  of  the 
metal  at  tli«  chloride  of  calcium  tube  may  be  prevented  by  having  a  layer 
of  copper- turnings  in  the  anterior  part  of  the  combustion  tube,  and  by 
not  allowing  the  foremost  portion  to  get  too  hot. 
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m.  Bftermixatiok  of  the  Equitalknt  of  Organic  CoMFouiTDa. 

Tbe  roetbods  of  det'ermiixiiag  ihe  equivalent  of  organic  compounds  dif- 
fer efisentiaUy  according  to  the  properties  of  the  variotis  compounds. 
There  are  thre*?  general  methods  in  use  for  this  purpose,  which  I  will 
proceed  to  describe. 


41 


§  190. 

1.  We  aacertain  tits  ajtunini  of  a  ^ody  of  known  .Equivaieni,  which 
forms  a  weil^haTactcrized  Coinpound  toilh  t^te  Substance  who§9  .Equwa- 
Uni  is  to  he  determined. 

This  method  is  pursued  in  determining  the  equivalent  of  the  orgamc 
acids  and  organic  bases^  and  of  manj  indifferent  bodies  possessed  of  the 
property  of  combining  with  bases  or  acids.  We  occupy  ourselves  here 
simply  with  the  process ;  the  mode  of  calculating  the  equivalent  from 
the  results  obtained  will  be  found  under  ^*  The  Calculation  of  Analy- 

a*  The  equivalent  of  organie  a^nJs  is^  in  most  cases,  determined  from 
the  Btlver  salt,  becaus*;  the  analysis  of  this  is  very  simple,  and  there  ia 
almost  always  the  positive  certainty  that  the  analyzed  salt  is  not  a  basic 
or  bydrated  comixiund.  Other  salts  also  are,  however,  frequently  used 
for  the  same  purpose,  particularly  those  of  lead,  baryta,  and  lime.  (In 
the  analysLH  of  the  lead  salts,  especial  care  must  be  taken  not  to  mistake 
basic  for  neutral^  nor  in  the  analysis  of  the  baryta  and  lune  salts,  hy- 
drated  for  anhydrous  salts.)  For  the  manner  in  which  the  determina* 
tion  of  the  bases  in  question  is  etTectedj  I  refer  to  Section  IV, 

b.  The  equivalent  of  irrganic  bases  forming  well-crystalMjiable  salts 
with  siilphuric,  hydi^ocMoric,  or  any  other  easily  determined  acid,  is  best 
aseertiiiued  by  estimating,  by  the  usual  methods,  the  acid  contained  in 
a  weighed  amount  of  the  salt* 

If  the  salts  do  not  crystallize,  a  known  quantity  of  the  dry  alkaloid  is 
(after  v.  Liebig)  introduced  into  a  drying  tube 
_  f~'~     (fig.   ^f)),  which  is  then   accurately  weighed  with 

I  I  its  contents ;  a  slow  current  of  dry  hydrochloric 

I  I  acid  gas  is  transmitted  through  the  apparatus  for 

I  a  I  some  time ;    the   tube   ultimately  he4it<:*d   to  100^ 

I^^^^H^^J  (see  p.  38,  fig.  21),  and  a  stream  of  atmospheric  air 

_»     -.  transDiitted  through  it ;  the  quantity  of  the  hy- 

^'      '  drochloric  acid  absorWd  is  found  from  the  increase 

in  the  weight  of  the  tube.  The  ac-curacy  of  the  results  may  be  controlled 
by  dissolving  the  hydrochl orate  in  water,  and  precipitating  the  chlorine 
from  the  solution  by  nitrate  of  silver.  The  equivaJent  of  the  alkaloids 
may  l>e  determined  also  from  the  insoluble  double  salts  produced  by  pre- 
cipitating the  solution  of  their  hydrochlorates  with  bichloride  of  plati- 
num ;  the  double  chlorides  thus  produced  are  cautiously  ignited  (§  124),  j 
and  the  residuary  platiinim  weighed. 

c?.  In  the  case  of  indiJWent  hwli^^  there  is  usually  no  clioiee  about 
the  matter,  and  we  have  to  deterniine  the  equivalent  from  the  liiad  com- 
pound ;  since  many  of  these  substances  either  altogether  refuse  to  enter 
into  combination  with  other  bases  besides  lead,  or  only  form  with  them 
compounds  which  cannot  be  obtained  in  a  state  of  purity,  Altliough  the 
determination  of  the  equivalent  of  an  mdifferent  body  from  the  compound 
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which  the  latter  farms  with  le&cl  is  liable  to  leave  the  matter  in  doubt, 
as  the  oxide  of  lead  will  often  combine  with  euch  substances  in  varying 
pn>portions^  yet  the  imalyBis  of  such  compoimds  is  always  interesting  in 
thia^ — that  we  learn  by  it  whether  the  organic  body  combines  with  tiie 
oxide  of  lead  without  alteration,  or  ^ves  up  water  upon  entering  into 
combination. 

Organic  substances  wiU  also  occasionally  form  with  water  solid  and 
crystallizable  compounds,  by  the  analytds  of  which  the  equivalent  of  the 
org^c  body  may  be  determined. 

§19L 

2.  The  Specific  Gramtf/  of  the  Vapor  of  the  Compound  is  deier- 
mined. 

Of  the  numerous  methods  which  have  been  proposed  for  the  accom- 
plishment of  this  object,  I  shall  describe  only  those  two  which  ai*e  more 
frequently  employed  in  laboratories  as  the  simplest  and  most  suitable. 
In  all  determinations  of  vapor  densities  it  is  necessary  that  the  tempera- 
ture  at  which  they  are  made  should  be  siifiiciently  raised  (at  least  30- — 40** 
L     above  the  boiling  point  of  the  substances),  so  that  the  vapor  may  pos^ 
^^taBS  the  coefficient  of  expansion  of  the  gases.     The  extreme  importance 
^|p  this  rule  is  evident  from  the  fact  that  at  tem[>eraturea  only  slightly 
'      above  tlxe  boiling  fjoint  higher  densities  are  found,  the  densities  decreas- 
ing with  the  increase  of  temperature,  and  becoming  constant  only  after 
a  certain  point. 

A.  Process  of  Ditmas* 

The  following  are  the  outlines  of  this  method  : — A  light  glass  globe, 
fQled  with  dry  air,  and  the  exact  capiicity  of  which  is  afterwards  ascer- 
tained, is  accurately  weighed ;  the  weight  of  the  air  in  the  globe  is  cal- 
culated at  the  temperature  and  atmospheric  pressure  obscn*ved  during 
the  process  of  weighing,  and  the  result  subtract<?d  from  the  first  weight : 
the  difierence  expresses  the  weight  of  the  exhausted  vessi?!.     A  more 
than  sufficient  quantity  of  the  substance,  the  density  of  the  vapor  of 
which  it  is  intended  to  determine,  is  then  introduced  into  the  gloUiv,  and 
exposed  to  a  uniform  temperature  sufficiently  above  the  boiling  j^oint 
of  the  substance^,  until  tbe  latter  is  completely  converted  into  vapor, 
and  the  excess  expelled,  together  with  the  atmospheric  air  originally 
I       contained  in  the  glol>e ;  the  vessel  is  tht^n  sealed  air-tight,  and  weighed* 
^HDie  diflerence  between   the  weight  found  and   that   of  the  exhausted 
^^Bobe,  expi-esses  the  weight  of  a  given  volume  of  the  vapor ;  supplying 
^^Biis  the  neoeasary  data  for  calculating  its  specific  gmvity. 
^W   It  is  hardly  necessary  to  remark  that  the  volume  of  the  air  and  the 
vapor  must  be  reduced  to  the  same  pressure  and  temperature,  and  con- 
sequently that  the  state  of  the  Imro meter  and  thermometer  must  be 
I       noted  both  during  the  first  weiglnng  and  at  the  time  of  seaEng  the  glass 
globe. 

This  method  is  of  course  applicable  only  to  subatancea  which  volatilize 
without  suffering  decompoaitiom  To  obtain  accurate  results,  it  is  indis- 
pensable that  the  Rubatance  be  perfectly  pure. 

I  will  now  proceed  to  describe  the  process  ;  for  the  manner  of  correct- 
ing and  calculating  the  results,  and  inferidng  from  them  the  composition 
of  the  bodies  examined,  I  refer  to  §  204. 
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o,  Apparatiis  and  otksr  Mtqmdtm, 

1,  The  SuBSTAKCE. — From  6  to  8  grammes  are  required,  TheboOing 
point  must  be  pi^tty  accurately  known. 

2.  A  LIGHT  Glass  Globe  with  deawk-out  Necx. 

All  ordmary  globe  of  pure  glass  is  ^lected^  free  from  ^wb  aodlioMbif 
fnim  260  to  500  c,  o. ;  it  is  carefully  nnaed  with  water,  and  then  tliopcnigblf 
driad.  After  tbia,  it  is  completely  exhausted,  dry  air  readmitted  into  it, 
A£id  Ui€9  same  oj^eration  repeated.  The  neck  of  the  globe  m  tbea  eoftetied 
ntur  the  bulb,  and  drawn  out  in  the  ahape  represented  in  6^^  36. 

The  extreme  point  ii  cut  off,  and  the  edges  sligbtly 
rounded  over  the  spint-kmp*  (This  point  haviiig  to  be 
sealed  air-tight  with  the  grea-teat  dtsspatchj  at  a  subse- 
quent stage  of  tJie  prooessj  it  is  adviisable  to  a&certaiii,  ia 
the  first  place,  whether  tJie  glass  of  the  globe  is  reaiiilf 
fusible  or  not ;  this  may  be  done  by  trying  to  seal  th* 
point  on  the  origLoal  neck  of  the  baUoon ;  should  thii 
prtseeut  any  difficulty ,  the  globe  is  un£t  for  the  intended 
pur|>oMt*,) 

F%  ^,  ^'  ^  SMALL  Iron  ok  Coppee  Vessel  for  the  reception 

of  the  fliud  in  wliich  the  globe  is  to  be  heated  (see  %, 
t f ).  The  fl  aid  winch  is  to  serve  as  bath  must  admit  of  being  he&ted  to  »l 
Ic^st  30^^  0^  bt*yond  tlie  boiling  point  of  the  substance  under  eixamizii^ 
tion^  Oil  will  answer  th^  purpose  in  nearly  aU  case^  where  a  tempeitp 
ture  higher  than  that  of  boiling  water  ia  required  \  however,  a  chloride  uf 
CHAlcium  bath — if  its  teiuperature,  which  in  a  perfectly  saturated  bath  luaj 
Iw  mi^^etl  to  180^,  is  sufficiently  high  for  ^e  purpose — is  more  convenient 
than  an  oil-hftth,  aa  the  globe  may  be  more  easily  cleaned. 

4.  Ak  Afparatcs  to  kkkp  the  Globe  nr  Fosttiox, — This  may  be 
readily  made  with  a  handle  and  some  iron  wire.  During  the  operation, 
it  is  attacheii  to  a  retort-stand  (see  ^,  97). 

5.  A  quantity  of  Mercury  more  than  sufficient  to  fill  the  globe. 
A  GRADUATED  TuBE  of  about  100  c  c.  Capacity. 
A  Gas-  or  Spirit-lamp  and  Blowpipe. 
A  correct  Barometer. 
A  correct  Thermometer,  capable  of  indicating  the  hi^est  degree  of 

heat  the  case  under  examination  may  require. 

«.  Weigh  the  globe,  placing  a  thermomet^'  inside  the  case  of  the 
l^dauce.  Leave  the  globe  for  ten  minutes  on  the  scale,  to  ascertain 
wh^her  its  wi^ight  remains  constant.  If  so,  the  wei^t  is  nofted,  together 
with  the  height  of  the  barometer,  and  the  temperature  indicated  by  the 
theniH>iiKHor  inside  the  case. 

^<.  Heat  the  globe  gently,  and  dip  the  point  deep  into  about  8  gnn.  of 
the  sube^taiKi^^  which,  if  solid,  must  have^  been  liquefied  by  the  application 
ivf  a  g^'titie  heat«  (If  the  substance  under  examination  has  a  hig^  fusing 
)Hxiui^  the  neck  and  point  t^  the  globe  likewise  require  heating,  to  guard 
a^ivf^t  the  tfuid  scOidifring  too  soon.)  When  the^obe  has  cooled— 
w  hi^-h,  in  the  case  of  T«nr  xi^latile  substances,  is  to  be  accelerated  by  drop- 
|vu^e<heru|N»it---tl»eA«id^t»saiMin)radsi^         Do  not  incodoce 
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y,  He&t  the  oontents  of  the  TesBel  3  to  from  40  to  50^  ^  and  iiomerit 
the  globe  hj  memsa  of  the  ftppanituji  4,  and  alao  a  thermometer,  in  the 
bath,  as  shown  in  fig.  97. 

Baise  the  tempenitiire  of  the 
bath    to    between   30   and    40° 

5Ve  the  boiling  point  of  the 

noti.^    As  soon  fta  the  tern- 

ftture  in  the  globe  ib  some- 

&t  iugher  than  the  boiling 
point  of  the  sub^itance,  the  vapor 
of  the  latter  rushes  out  through 
the  orifice  of  the  neek ;  the  force 
of  the  cTirront  increases  at  first 
with^'  nature  of  the  bath, 

Imt    «l  H    afterwards    by 

degn^g^  and  linallj  (afWr  about 
111  minutes)  oe^ases  altogetlier. 
Slionld  any  of  the  vapor  have 
condensed  into  droi>8  in  the  point  ^^*  ^^• 

of  the  neck   projecting  out  of 

the  bath,  these  may  be  at  onee  reconverted  into  vapor,  by  moving  a  piece 
of  red-hot  charcoal  to  and  fi^o  under  it.  The  moment  that  a  perfect 
|uilibrium  is  fiilly  established  at  the  desired  temperature,  sc^l  the  point 
T  the  globe,  by  means  of  a  spirit-lamp  and  blowpipe,  and  note  immediate- 
ly after  the  height  of  the  thermometer.  To  ascertain  whether  or  not  the 
point  is  heriaeiically  sealed,  you  need  simply  direct  a  cuiTent  of  air 
through  the  blowpipe  u|)on  the  projeftifig  point  of  the  neck  :  if  the  tub© 
is  closed  hermetieiilly,  a  small  ]K:»rtion  of  the  vapor  condenses,  forming  a 
c*)lumn  of  fluid,  which  is  retained  in  the  end  of  the  tube  by  capillary 
attraction ;  this  is  not  observed  if  the  tube  is  not  hermetically  sealed. 
Tlie  height  of  the  barometer  also  is  noted  again,  if  it  has  changed  sinott 
the  first  observation. 

6,  Remove  the  sealed  globe  from  the  bath,  allow  to  cool,  wash  most 
carefully,  wipe  perfe<;tly  dry,  and  weigh  again  in  the  same  manner  as 
before, 

;.  Immerse  the  pointed  end  of  the  globe  in  its  entire  length  in  mercury, 
scratch  a  mark  with  a  file  near  the  end,  and  bre^dc  oft*  the  pc>int ;  where- 
upon the  merctiry  will  immedhitely  rush  into  the  globe,  a  vacuum  having 
been  created  in  it  by  the  condensation  of  the  vapor.  (In  this  operation, 
place  the  gUsa  globe  in  the  hollow  of  your  hjuid,  and  rest  the  latter  U|»on 
the  edge  of  the  mercurial  trough,)  If  the  globe,  at  the  motnent  of  seal- 
iiag,  was  perfectly  free  from  iur,  it  will  fill  completely  with  mercury ; 
otherwise,  an  iur-bubble  will  remain  in  it.  In  either  case  tmnsfer  the 
mercury  from  the  gk>be  to  the  gradwattnl  tube  (*j),and  measure  accurately ; 
if  there  was  air  in  the  glolie  at  the  moment  of  sealing  it,  fill  it  now  with 
waUr,  and  measure  also  the  volume  of  the  latter  liquid  :  the  diflerence 
between  the  volim[ie  of  the  mercury  and  that  of  the  water  shows  the 
volume  of  the  air  which  had  remained  in  the  globe. 

This  metljod,  if  profjerly  executtxl,  gives  nearly  accurate  results ;  for 
the  manner  of  calculating  the  latter,  I  refer  to  §  201. 

•  If  a  chloride  of  calcium  or  oil -bath  is  used,  you  must  endeavor  to  t^si«tAit| 
a  uniform  tempcnitiiire  towards  the  end  of  the  prooesSf  which  msy  be  aaiiljf 
effected  by  properly  regulating  the  heatw 
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Bt  Pbocess  of  GAY-LrssAC!, 

Whilift  hj  the  incthoil  of  Dcmas  the  weight  of  the  lunount  of  subcttftaottl 
h  determiued,  wMch  yieldH  under  definite  circtimBtiuioeB  a  known  ToJumal 
of  vapor,  by  (jAY-Lussag's  method  is  determined  the  volume  of  vapocj 
yiitlded  under  definite  circumHtaneea  by  a  previounly  weighed  amouut  of  I 
inibetauee.  The  origiual  process  has  been  judiciously  modified  by  H-J 
ScHJFF.*  The  apparatus  is  exeessively  simple,  but  can  only  be  employe' 
for  U*nip#^raiures  under  200", — it  ia  especially  siiited  for  tetnperatur 
under  lUO'^. 

Tho  cylinder  a  (fig,  98),  which  ia  destined  to  measure  the  volume  of 

the  vapor,  in  30 — 35  cm,  high  audi 
about  3  cm.  wide ;  it  is  provid 
with  a  millimetre  scale,  ejct^ndingl 
to  the  open  end  ;  a  table  which  must  I 
previously  be  drawn  up,  shows  tbaJ 
c.  c.  corresponding  to  the  marks  ( 
19),  The  outer  cylinder  h  is  abot 
40  cm.  high,  and  broad  in  projKii 
tion.  The  height  of  the  latter  in  f 
inside  must  be  accurately  known  i 
mm.  The  handle  c,  which  is  1" 
with  lead,  embraces  the  closed  < 
of  the  measuring  tube  by  means  ( 
four  springs.  The  weight  of  '■ 
handle  must  suffice  to  depr 
tube  when  filled  with  vapor, 
must  therefore  be  about  150  j^ 
if  the  above  dimensions  are  i 
adhered  to.  The  handle  bears 
lateral  hook,  on  which  the  thermcKl 
meter  is  hung. 

A  layer  of  mercury ,  about  1 5  moL 
high,  is  first  put  into  the  outer 
cylinder  6.  The  meajsu  ring  cylinder 
is  perfectly  filled  Mrith  mercury,  and 
inverted  in  a  sliallow  n»ercurialj 
trough.  A  weired  qisanilty  of  th^ 
fiuid  to  be  vaporised  in  a  btdb  ( 
thin  glaas  (%.  99)  is  now  place<i| 
Tin.  ^  underneath  the  opening  of  the  i 

suring  cyLiuder,  and  allowed  lo  i**^ 
oend;  tlie  c>»'linder  a  is  then  transported  to  6,  witli  the  aid  of  a 
1  loi^g^handled  iron  sfxjon,  of  the  same  form  as  is  in  geneml  «n 

f\        £ar  combiistiMifi  in  oxygen. 

^Y^  Hm  bursliiig  of  th«  bulb  and  the  Ibrmatioii  of  ^B|>Qr  am 

next  brought  about  br  fillii^  Hie  outer  f^limfer  6  tmntkmdf 

9%  m    Midii|>t<^tlieUip  wit&ahotftiikL     Afioofiiiii^  to  llui  boOii^ 

^^  piittt  oTUk  anbafiiMie  wib  ^se  for  this  ptnpoag  either  bniKi^ 

^JiJ^  «r  aoaiia  aiHaa  votaliou.  r^rv&mJtAf  dilute  gliroenne  or  a  aohttiott 


tttkibai 


^rina.     The  s|Mcifir  grsWtr  of  tht* 
Able  nauBer  (aooocding  to  H.  St  KiffT, 
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by  means  of  an  areometer).  The  outer  cylinder  stands  on  a  strong 
low  tripod  in  a  small  glass  trough  ;  the  latter  serves  to  receive  the  fliiid, 
whitrh  is  ejected  by  the  vafK>r  as  it  fonna  ;  it  is,  moreover,  filled  nearly  U|) 
to  the  level  of  the  mercury  in  th«  outer  cylinder  with  the  hot  fluid,  in 
order  that  the  mercury  may  be  raised  to  the  same  tempcx*ature.  After  a 
few  miJQUtes  the  rate  of  cooling  will  have  become  so  much  slower  that  the 
Tolume  of  the  va^or  may  be  considered  stationary.  Fuially,  the  pres- 
sure and  tenifierature  are  noted,  also  tlio  height  of  the  mercury  in  the 
measuring  tube,  and  in  the  outer  cylinder  {the  latter  being  read  off  on  the 
scale  of  the  measuring  tube). 

C  The  determination  of  the  vapor  densities  of  bodies  of  high  boiling 
points  is  made  after  the  method  of  Deville  and  Troost,'*'  for  a  desi^iption 
of  which  I  must  refer  the  reader  to  tlie  original  memoir. 

§  192. 

3.  A  great  many  indifierent  organic  bodies  absolutely  refuse  to  combine 
with  base^  or  acids ;  or  only  form  with  them  coui pounds,  from  which  the 
ctjuivalent  of  the  organic  body  cannot  well  be  ileteruLtned.  The  equiva- 
lent of  such  substance  is  determiued  by  producing  by  the  action  of  acids^ 
bases,  halogens,  <fc:c.,  upon  t!»e  body  uutler  examination,  new  compounds 
of  known  or  aficertainable  equivalents.  Or,  lastly,  the  equivalent  is  in- 
ferred from  the  manner  in  which  the  cctmpound  in  question  has  been 
formed.  In  cases  of  this  dt'sscription,  that  equivalent  is  assumed  to  be  the 
correct  one  which  permits  the  most  simple  explanation  of  the  processes 
of  formation  and  decomposition. 

This  mode  of  determining  the  er[uivalent  of  substances  is  intimately 
connected  with  the  higher  branches  of  organic  chemistry,  and  cannot  be 
considered  in  detail  here,  as  it  is  imposisible  to  give  universally  appli- 
cable methods. 
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CALCULATION  OF  AI^ALYSEB. 

TffE  calculation  of  the  reault^  obtained  bj  an  anaJjsis  presupposrs^ 
m  an  indispensable  prelimiuaiyj  a  knowledge  of  the  general  laws  of  iba 
combining  proportions  of  bodies,  on  the  one  hand,  and  of  the  mofe  sim- 
ple rules  of  arithmetic  on  the  other.  It  iis  a  great  error  to  mippose  thi£ 
the  abilitj  to  make  ebomical  calculations  involves  an  extensive  ac^^uam^ 
tanoe  with  mathematics,  a  kiiowledgie  of  decimal  fractions  and  smpb 
equatione  being  for  the  most  part  sufficient.  These  remarks  are  not  in- 
tended to  dissuade  students  of  chcmhitry  fi-om  pui^uing  the  highly  kbh 
portant  study  of  mathematics  j  hut  merely  to  encourage  those  who  hat^ 
had  no  opportunity  of  entering  more  de**ply  into  this  science,  and  vh% 
as  experience  has  shown  me,  are  ofben  afraid  to  venture  upon  cheniicttl 
calculationa.  For  this  reason,  I  liave  niai^e  the  whole  of  the  calculatiofis 
given  in  the  following  p«r»graphfij  in  the  most  intelligible  Buuiner  poi^ 
sible,  and  without  logarithms. 

I.    Calculation  of  the  Constituent  sought  from  the  Compound  obtainsd 

in  tJie  Analytical  Process,  and  exhibition  of  the  Hesult  irk  Per-cents, 

§  193. 

The  bodies  the  weight  of  which  it  is  intended  to  determine,  are  sepa- 
rated, as  we  have  seen  in  Division  I.,  treating  of  the  "  Execution  of 
Analysis,"  either  in  the  free  state,  or — and  this  most  frequently — in  com- 
binations of  known  composition.  The  residts  are  usually  calculated 
upon  100  parts  of  the  examined  substance,  since  this  gives  a  clearer  and 
more  intelligible  view  of  the  composition.  In  cases  where  the  several 
constituents  have  been  separated  in  the  free  state,  the  calculation  may 
be  made  at  once ;  but  if  the  constituents  have  been  separated  in  com- 
bination with  other  substances,  they  must  first  be  calculated  from  the 
compounds  obtained. 

1.    Calculation  of  the  Results  into  Per-cents  by  Weight,  in  Cases 
where  the  Substance  sought  has  been  separated  in  the  PVee  State. 

a.  Solid  Bodies,  Liquids,  and  Gases,  which  have  been  deter- 
mined  by  Weight, 

§  194. 

The  calculation  here  is  exceedingly  simple. 

Suppose  you  have  analyzed  subchloride  of  mercury,  and  separated  the 
mercury  in  the  metallic  state  (§  118,  1).  2*945  grm.  subchloride  of  mer- 
cury have  given  say  2-499  grm.  metallic  mercury. 
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2-499  :;  100  tx 
X  =  84-85, 

which  means  that  your  analysis  shows  100  parts  of  subchloride  of  mer- 
cury to  contain  84*85  of  mercury,  and  consequently  15' 15  of  chlorine. 

Now  as  the  sobchloride  of  mercury  is  known  to  consist  of  2  eq.  mer- 
cury and  1  eq.  chlorine,  and  aa  the  cr|uivalaut  numbera  of  both  these 
elements  are  al«o  known,  the  true  percentage  composition  of  the  body 
may  b©  readily  calculated  fi'om  these  data.  WTien  analyzing  subBtancea 
of  known  composition  for  practice,  the  results  theoretically  calculated 
and  those  ohudned  by  the  analysia  aro  usually  placed  in  juxtaposition,  as 
this  enables  the  student  at  once  to  perceive  the  degree  of  accuracy  with 
which  the  analysis  has  been  performed. 
Thus  for  instance — 

Found.  Calculated  (compare  g  84,  b\. 

Mercury .  ,84*85 ,  , 84*94 

Chlorine 15-15 15^06 


100-00 


100^00 


ft.   Oa»e9  whkh  have  been  determined  hy  Mecunire, 
§  196. 

If  a  gas  has  been  determined  by  measure,  it  is,  of  course,  i 
first  to  ascertain  the  w»?ight  corresponding  to  the  volume  found,  befoi^ 
the  percentage  by  weight  can  be  calculat^^d. 

But  as  the  exact  weights  of  a  de&nite  volume  of  the  various  gases  have 
been  severally  determined  by  accurate  experiments,  this  caleulation  also 
is  a  simple  rule-of- three  question,  if  the  gas  may  be  measured  under  the 
some  cLi'cumstancea  to  which  the  known  relation  of  weight  to  volume  re- 
fers.    The  circumstances  to  be  taken  into  consideration  here,  are ; 

Temperalu/re  and  Atmospheric  Pressure* 
Besides  theoe,  the 

Tension  of  the  Afueou^  Vapor 
may  also  claim  consideration  in  cases  where  water  is  used  as  the  confin- 
ing Hnid,  or  generally  where  the  gas  has  been  measured  in  the  moLst 
state. 

The  respective  weights  assigned  in  Table  V**  to  1  litre  of  the  gases 
there  enumerated,  refer  to  a  tera|>erature  of  0°,  and  an  atmospheric  pres- 
sure of  0*76  metre  of  mercury.  We  have,  therefore,  in  the  tii*at  pkc€i, 
to  consider  the  manner  in  which  volumes  of  gas  measured  at  another 
temperature  and  another  height  of  the  barometer,  ai^  to  be  reduced  to 
0^  and  U*7G  of  the  barometer. 

a.  Reduction  of  a  Yolume  of  Gag  of  any  given  Temperature  to  0*, 
€fr  any  other  T^mperainre  between  0°  and  lOO*^.  , 

The  following  propoBitions  regai*ding  the  expansion  of  gases  were  for- 
merly universally  adopted :  — 

1,  All  gases  expand  alike  for  an  equal  increase  of  temperature. 

2.  The  expansion  of  one  and  the  same  gas  for  each  degree  of  the  ther- 
mometer is  independent  of  its  origina]  density. 
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Althoagb  tha  oorvoctnesa  of  these  propositlonfi  haB  not  been  foIlT 
confirmed  by  the  minute  inve^stigations  of  Magkus  and  Regkaitlt,  jct 
they  may  be  safely  followed  in  reductions  of  the  tempeivtitre  of  those 
gaaes  which  are  most  frequently  measured  in  the  ootune  of  analjtiGil 
prooeaaesy  aa  the  ooefficienta  of  expansion  of  these  gaaea  acaroetjr  ififlbr 
from  each  other,  and  as  there  is  never  any  very  considenLble  dife^ 
ence  in  the  atmospheric  pressure  under  which  the  gases  ard  adTenlljr 
measured* 

The  investigations  just  aUuded  to  haye  given 

0-3665 

aa  the  coefficient  of  the  expansion  of  gases  which  oomes  nearest  to  dke 
truth;  in  other  words,  as  the  extent  to  which  gases  expand  ▼hen 
heated  from  the  freezing  to  the  boiling  point  of  water.  They  expand, 
therefore^  for  every  degree  of  the  centigrade  thermometer^ 

2:5^^0-003665. 

100 

If  we  wish  to  ascertain  how  much  space  1  c.  c  of  gas  at  0^  will  oocopf 
at  10°,  we  find 

Ix  [1 -f  {10  X0-003a65)]- 1-03665. 

If  we  wish  to  ascertain  how  much  space  100  c*  c.  at  0^  will  occupy 
at  10^,  we  find 

looxin-iioxo-oosees)] 

=  lOO  X  1-03665- 103-665. 

If  we  wish  to  know  how  much  space  la  c,  at  10°  wiU  occupy  at  0'', 
we  find 

1 


-=0-965. 


1  + (10x0^003665) 
How  much  space  do  10366  5  c.  c.  at  lO'^  occupy  at  0°? 

—i^:^^^ =100. 

l-f(10;^0'003665) 

The  general  nile  of  these  calculations  may  be  etxpreesed  aa  follows  :— 
To  calculate  the  volume  of  a  gas  from  a  lower  to  a  higher  temper- 
ature, we  have  in  the  first  place  to  find  the  exf»ausion  for  the  volume 
unit,  whi€h  ia  done  by  addiiig  to  1  ilie  product  of  tlie  multiplication  of 
the  thermometrieal  diffei^ence  by  U"U036Gri  ;  and  then  to  multiply  thii 
by  the  niinihcr  of  voliune  units  found  in  the  analytical  process*  On  the 
other  hand,  to  reduce  the  volume  of  a  gas  from  a  higher  to  a  lower  tern- 
jiorature,^  we  have  to  divide  the  number  of  volume  units  found  in  the 
aiiatytical  process,  by  1  -f-  the  product  of  the  multiplication  of  the  ther 
mometricid  difierence  by  0*003665. 

^,  Rcductum  of  the  Yohime  of  a  Gas  of  a  certain  given  DerigUy  to 
•76  Metre  Uarometric  J^re^s-urf^  or  any  other  given  I^resstir^, 

AecortUng  to  the  law  of  Mariotte,  the  volume  of  a  gas  ia  inYeraely 
as  the  prt'Hsure  to  which  it  is  exposed ;  in  accordance  with  thi«^  a  gas 
occupies  the  great<?r  space  the  less  the  pressure  u[M>n  it,  and  the  less 
B])ace  the  greater  the  pleasure  upon  it. 

Thus,  supposing  a  gaa  to  occupy  a  space  oflOccata  pressure  of 


i95.;j 


CAXCUlMtTIOH  or  AKALTSES. 


461 


atmospliere,  it  will  occupy  1  c,  c.  at  a  pressure  of  10  aiiuo8phereS| 
100  c.  c.  at  a  pressure  of  ^  atmoapbore. 

Nothing,  therefore,  can  be  more  eaj^y  than  the  I'eduetion  of  a  gas  of 
a  oertain  given  tension  to  760  mm.  bar,  pressure,  or  any  other  given 
pressure,  e.y.,  1000  mm.,  which  is  frequently  used  in  the  analyaiB  of 


8upposLng  a  gas  to  occopy  100  c.  c  at  780  mm.  bar.,  how  much 
iqpaoe  will  it  occupy  at  760  nun.  ? 

760  :  780 : :  100  :  x 

How  much  space  will  100  c,  c.  at  750  mm,  bar*  occupy  at  760  mm,  ? 
760:  750::  100:  a? 

Haw  much  space  will  150  o,  c  at  760  mm*  bar.  occupy  at  1000  mm*  ? 
1000  :  760::  150  vx 
a?=114. 
y.  Heduction  of  Uie  Votxtme  of  a  Gas  saturated  with  Aqtie&us  Vapor, 
iU  actual  J^oimne  hi  ths  Drtf  State, 

It   is  a  well-known  fact  that  water  haa  a  tendency,  at  all  temper- 
ures,  to  Hssunre  the  gaaeous  state »    The  degree  of  this  t<^ndency  {the  ten- 
of  the  a^pieous  vapor) — which  is  dependent  solely  and  exclusively  up- 
the  temperature,  and  not  upon  the  circumstance  of  the  water  l>eing  in 
or  in  any  gaaeous  atmosphere^ — ^is  ujsually  expressed  by  the  height 
of  a  column  of  mercury  count^?^balancing  it.     Tlie  following  table  indi- 
the  amount  of  tension  for  the  various  temperatures  at  which  an- 
tjwfm  are  likely  to  be  made.* 

TABI«E« 


Tension  of  the 

Tendon  of  the 

Temperature 

ftqueon«  vapor 

Temperature 

aqueous  ^apor 

(in  dc^e«  C, ) 

exi>re,H8ed  in 

(in  degrees  C. ) 

expresBed  iu 

Tnillimefcres. 

a 

4 -520 

m 

m^m 

I 

4-867 

m 

19*675 

d 

5-231 

ds 

20-909 

8 

5-610 

24 

22-211 

4 

^m2 

S5 

23-682 

5 

6-471 

26 

25D26 

6 

6939 

37 

26-647 

7 

7  Am 

28 

28*148 

8 

7-0^4 

20 

20-852 

0 

e'52.5 

SO 

31-602 

10 

0  120 

31 

3JJ-404 

11 

9751           1 

32 

35-419 

IS 

10-421 

83 

87  473 

13 

11-130 

84 

8l»-630 

U 

11-888 

35 

41 -§93 

15 

12677 

36 

44-258 

16 

13  519 

87 

46-758 

17 

14-409 

38 

49  868 

18 

15*351 

30 

52-103 

10 

10-345 

40 

54-909 

m 

17-396 

♦  Oompftfe  Magimfl,  PogTg".  Anna!.  61,  247. 
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Therefore,  if  a  gas  is  confified  orer  water ^  its  ToUune  is,  cmierts p<mt%tt^ 
always  greater  than  if  it  werecoufint^  over  merciiTy ;  since  a  quantilyof 
aqn^otis  Tapor^  proportional  to  the  tempeiratnre  of  the  water,  mixes  witii 
the  gas,  and  the  tensioii  of  this  partly  eounterbaJaiicEss  ilie  colunm  of  sir 
that  pressea  upon  the  gaa,  and  to  that  ejctetit  neutralizes  the  prassure, 
To  aso^taixi  the  actual  pressure  upon  the  gas,  we  must  therefore  sub- 
ttaat  &om  the  apparent  pressure  so  much  aa  m  ueutrali^ed  by  the  teur 
aion  of  the  aqueous  vapor. 

Huppose  we  had  fbund  a  gas  to  measure  100  c*  c.  at  759  mm.  bar^ 
the  ti?mpemture  of  the  confiniug  water  being  15^;  how  much  spftee 
would  this  volume  of  gaa  oeeupj  in  the  dry  st^te  and  at  760  mm«of  the 
barometer? 

Our  table  givea  tie  tension  of  aqueous  vapor  at  15* =12*677 ;  the  gw 
i»  couftequently  not  under  the  apparent  presJure  of  759  mm.,  but  under 
the  actual  pn^ur^  of  759  —  13-677  ==  746  323  mm. 

The  calculation  is  now  very  simple ;  it  proceeds  in  the  manner  ehowii 
in  ^;  we  aaj, 

760:  746-323;:  100;  3e 
ar  =  98*20- 

When  tlie  volume  of  a  gas  has  thus  been  adjusted  by  the  calculatioas 
in  «  and  0,  or  y^  t43  the  thermometrical  and  barometrical  conditi^^iiE  to 
which  the  data  of  Table  V.  refer,  the  peroentagie  by  weight  may  nonr  be 
readily  caleukted  by  substitutiiig  the  weight  for  the  Tolume^  and  pro- 
ceeding by  simple  rule  of  three. 

What  is  the  ftercentsge  by  wtdght  of  nitrogen  in  an  anali;*2ed  sub- 
stance, of  which  0*5  gnn.  have  yielded  30  c*  a  of  dry  nitrogen  ga«  at 
0%  and  760  mm.  bar.  ? 

In  Table  V.  we  find  that  1  litre  (1000  c  c.)  of  nitit>gen  gas  at  O'',*^ 
760  mm,  bar*^  weighs  1 '25  456  grm. 

We  say  accordingly : 

1000:  1-25456::  30:  a; 
X  =  0-0376. 

And  then : 

0-5  :  0-0376::  100  :aj 

X  =  7-52. 
The   analyzed   substance   contains   consequently    7-52    per   cent,  by 
weight  of  nitrogen. 

2.  Calculation  of  the  Hesults  into  Per-oents  hy  Weighty  in  Com 
vyJvere  the  JSody  sought  has  been  separcUed  in  Combination^  or  where  a 
Compound  Juis  to  he  determined  from  one  of  its  Constituents. 

§  196. 

If  the  body  to  be  determined  has  not  been  weighed  or  measured  in 
its  own  form,  but  in  some  other  form,  e.g,^  carbonic  acid  as  carbonate 
of  lime,  sulphur  as  sulphate  of  baryta,  ammonia  as  nitrogen,  chlorine  by 
a  standard  solution  of  iodine,  &c.,  its  quantity  must  first  be  reckoned 
from  that  of  the  compound  found  before  the  calculation  described  in  1 
can  be  made. 

This  may  be  accomplished  either  by  rule  of  three  or  by  some  abridged 
method. 

Suppose  we  have  weighed  hydrogen  in  the  form  of  water,  and  have 
found  1  grm.  of  water;  how  much  hydrogen  does  this  contain  ? 


i 


g  196.]  CALCULATION  OF  AKALT8ES.  463 

An  equivalent  of  water  consists  of: 

1  of  hydrogen 

8  of  oxygen 

9  water. 
We  say  accordingly : 

9  :  1 ::  1  :  a; 
a=0-lllll. 

From  the  above  proportion  results  the  following  equation : 

1     , 

or  011111  Xl=«. 

Or,  expressed  in  general  terms : 

Water  xO'lUll=  Hydrogen. 

Example. — 

617  of  water ;  how  much  hydrogen  ? 
517x0-lllll=67-444. 

The  following  equation  results  also  from  the  above  proportion : 

9  1 


1 

X 

1 

9 

—" 

X 

1 

X 

"" 

9 

Or,  expressed  in  general  terms, 

Water  divided  5y  9  =  Hydrogen. 
Example. — 

517  of  water,  how  much  hydrogen  ? 

617 
—=57-444. 

In  this  manner  we  may  find  for  every  compound  constant  numbers  by 
which  to  multiply  or  divide  the  weight  of  the  compound,  in  order  to 
find  the  weight  of  the  constituent  sought  (comp.  Table  III.*). 

Thus,  for  instance,  the  nitrogen  may  be  obtained  from  the  double 
bichloride  of  platinum  and  chloride  of  ammonium,  by  dividing  the 
weight  of  the  latter  by  15-96,  or  multiplyii^  it  by  0*06269;  thus  the 
carbon  may  be  calculated  from  the  carbonic  acid  by  multiplying  the 
weight  of  the  latter  by  0*2727,  or  dividing  it  by  3-666. 

iniese  numbers  are  by  no  means  so  simple,  convenient,  and  easy  to 
remember  as  in  the  case  of  hydrogen.  It  is  therefore  advisable,  in  the 
case  of  carbonic  acid,  for  instance,  to  fix  upon  another  general  expres- 
sion, viz., 

Carbonic  acidxS^  fy^^^ 
11  ' 

*  See  Tables  at  the  end  of  the  volume. 
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RIST. 


which.  IB  derived  fi*om  the  proportioti 

22  :  6  : :  the  i^rbonic  nAd  fousd :  se^ 

Hi©  object  in  riew  mAj  aho  be  attained  iii  a  ver?  liiiiple  iD&nDer,  hy 
ref©reDi?e  to  tiMe  IV.,*  whick  give*  the  amoimt  of  the  con^tittieiit  eoiigbt 
for  evf^ry  mimber  of  the  oom|>ouiid  founds  froai  1  to  9 ;  the  opesmlor 
imed,  therefore,  simply  add  the  several  values  together. 

Aj  regards  hydrpgen,  for  luBtaaice,  we  find  :-^ 

TABLE 


From  tliis  table  it  is  seen  that  1  |>art  of  wat^er  eontftins  O'lllll  of  hy- 
drogen^  that  5  parts  of  water  contain  0^555^5  of  hydrfigoa ;  9  p*^ 
l-OOOOO,  kc. 

Now  tf  we  wish  to  know,  for  instance,  how  much  hydrogen  is  con- 
tained in  6' 17  parts  of  water,  we  find  tliijs  by  adding  ^e  valnee  for  5 
parta,  for  ^  part,  and  for  ^  part*,  thiiB  :— 

0^55555 

0-011111 

00077778 

0'57443M 

Why  the  nnmhers  are  to  be  placed  in  this  nianna*^  and  not  as  fdr 
Iowa: — 

0-55555 
011111 

0-77778 

1-44444 

is  self-evident,  since  arranging  them  in  the  latter  way  wonld  be  adding 
the  value  for  5,  for  1,  and  for  7  (5  +  1  +  7  =  13)  and  not  for  517. 
This  reflection  shows  also  that,  to  find  the  amount  of  hydrogen  contained 
in  517  parts  of  water,  the  points  must  be  transposed  as  follows : — 

65-555 

Mill 

0-77778 
57-44388 

3.   Calcul^Uion  of  the  Results  of  Indirect  Analyses  into  Per-  Cents 
hy  WeiglU. 

§  197. 

The  import  of  the  term  '^  indirect  analysis^  as  defined  in  §  151,  p.  337, 
shows  sufficiently  that  no  universally  applicable  rules  can  be  laid  down 
for  the  calculations  which  have  to  be  made  in  indirect  analyses.  The 
selection  of  the  right  way  must  be  left  in  every  special  case  to  the  intelli- 
gence of  the  analyst.     I  will  here  give  the  mode  of  calculating  the  re- 


*  See  Tables  at  the  end  of  the  volume. 


CALCULATI0I7  07  ANALTiB. 

milta  in  the  more  important  indirect  eepftrationa  described  in  Section  V, 
They  may  aerye  u  exMnples  for  other  aimilar  cftleulationfl, 

a.  Indirect  JJetermination  of  Soda  emd  J^oUxssn^ 

Thia  ifl  effectcKl  by  detenmning  the  sum  total  of  the  chlorides,  and  the 
chlorine  contained  in  them. 

The  calculation  may  be  made  as  follows : 

Suppose  we  have  fonnd  3  grm.  of  chloride  of  Bodium  and  chloride  of 
pota^muj  and  in  these  3  gim.  1*6888  of  chlorine. 


Bq.  Cblorine. 

Eq.  K  CL            Chlorine  foand. 

35*4ti 

:         74-57       ::        1'6888  :  a? 

X         =      3*5514. 

If  all  the  chlorine  present  were  combined  with  potasaiwrn,  the  weight 
of  the  chloride  would  amount  to  3'5514>  As  the  chloride  wc^ighs  less, 
chloride  of  sodium  is  [present,  and  thia  in  a  quantity  proportional  to  the 
difierence  {i.e.^  3 '55 14^ — 3^0*5514),  which  is  calculated  as  follows: — 

The  difference  between  the  equivalent  of  K  CI  and  that  of  Na  CI 
(16*11)  is  to  the  equivalent  of  Na  CI  (58'4*>),  as  the  difference  found  is 
to  the  chloride  of  sodium  present  i — 

le-U  :  68-46::  0-5514  ix 
x^2  Na  CI 
and  3-2=1  K  CI 

From  this  the  following  abort  rule  is  derived  : — 

Multiply  tho  quantity  of  chlorine  in  the  niLxture  by  2*1029,  deduct 
from  the  product  the  aum  of  the  chlorides,  and  multi[ily  the  remainder 
by  3*6*288 ;  the  product  expr^asefi  tlie  quantity  of  chloride  of  sodium 
contained  in  the  mixe<i  chloride. 

The  calculation  may  also  be  made  by  help  of  the  subjoined  formnliB 

(COLLIEE*). 

W^=weight  of  mixed  chlorides 

0^     "         '*  chlorine. 
Na  Cl=  Cx 7-63 ll)-(Wx 3-6288) 

K  Cl=(Wx4*<i288)*-(Cx  7-631 1) 
Ka  0=(C  X  4-0466)  -^  (W  x  1*9243) 

K  0=(W  X  2-9243)  -  (C  x  4-8210). 

h.  Indirect  Determination  of  Strontta  aTid  lAme, 

This  may  be  effected  by  determining  the  sum  total  of  the  carbonates, 
and  the  carbonic  acid  contained  in  them  (g  151,  7),  Su|qKii4e  we  have 
found  2  gnn.  of  mixed  carbonate,  and  in  these  2  grm.  0-7383  of  carbonic 
acid* 

Eq.  C  0,  Eq.  StO,  C  0»  C  O^  found. 

22  :  73-75  ::         0-7383  : » 

X  =        2-47498. 

If,  therefore,  the  whole  of  the  carbonic  acid  were  combined  with 
BtroDtia,  the  weight  of  the  carbonate  w^ould  amount  to  2-47408  grm. 
The  deficiency ,=0-474 08  is  proportional  to  the  carbonate  of  lime  pre- 
sent, which  is  calculated  as  follows  i- — 

The  difference  between  the  equivalent  of  Sr  O,  0  0^,  and  the  ecjuiva- 


466 


CALCUIATION  OF  AXALYSKS. 


lent  of  On  O,  C  O,  (23-75)  ia  to  the  eqmvaleiit  of  Cb  O,  C  O,  (ftO),ii 
the  diflereuoe  found  is  to  tbe  carbooata  of  lime  contained  in  m  mmi 
ttlt:— 

23-75:  50::0'47498:x 

TLe  niLstxire,  therefore,  consists  of  1  grm.  carbonate  of  lime  and  I 
grm.  carbonate  of  Rtronti&. 

From  tills  the  following  short  rule  is  derived  i — 

Multiply  the  carbonic  acid  found  by  3*3523,  deduct  from  the  product 
the  sum  of  the  carbonates,  and  multiply  the  difierenoe  by  2*10526  ;  the 
product  expresses  the  quantity  of  the  carbonate  of  lime. 

e.  Indirect  DetertnincUion  of  Chlorine  and  bromine  (§  169, 1). 

Ijet  us  suppose  the  mixture  of  chloride  and  bromide  of  silver  to  have 
weighed  2  grm.,  and  the  diminutioD  of  weight  consequent  upon  the 
transmission  of  chlorine  to  have  amounted  to  O'l  grm.  How  much 
chlorine  is  there  in  the  mixed  salt,  and  how  much  bromine  ? 

The  decrease  of  weight  here  is  simply  the  diBerence  between  the 
weight  of  the  bromide  of  silver  originally  present,  and  that  of  the  chlo- 
ride  of  silver  wliich  has  replaced  it ;  if  this  m  borne  in  mind,  it  is  easy 
to  undersrtand  the  calculation  which  follows  : — 

The  ditierence  between  the  eiiuivaleuta  of  bromide  of  silver  and  chlo- 
ride of  silver  is  to  the  equivalent  of  bromide  of  silver  as  the  ascertained 
decrease  of  weight  is  to  a?,  »,«»,  to  the  bromide  of  silver  originally  pro- 
ent  in  the  mixture : — 

44-54;  187^97::  04  :x 
ii?=0'422025. 

The  2  grm.  of  the  mixture  therefore  contained  0*422025  grm.  brorolfl 
of  silver,  and  consequently  2  —  0*422025=1*577975   giin,    chloride 
silver. 

It  results  from  the  above,  that  we  need  simply  multiply  the  asoer- 
tained  decrease  of  weight  by 

^^^'^Ue.,  by  4-22025 


44*54 


to  find  the  amount  of  bromide  of  silver  originally  preaent  in  the 
lyzed    mixture^     And  if  we  know  this,  we    also  know  of  course  the 
amount  of  the  chloride  of  silver ;  and  from  these  data  we  deduce  thft^ 
quantities  of  chlorine  and  bromine,  as  directed  in  |  19G,  and  the 
oentages  as  directed  in  §  193, 

Supplement  to  I. 

&EMABKS   ON   JJ)BB  AJXB    EXOBSB   IH  ANALYSES,  AIVD   OIT  TASOfQ  THl 

AVERAGE. 

§  198. 

Iff  in  the  analysis  of  a  substance,  one  of  the  constituents  is  estimated 
from  the  loss,  or>  in  other  words,  by  subtracting  from  the  original 
weight  of  the  analyzed  substance  the  ascertained  united  weight  of 
other  ooTistituentB,  it  is  evident  that  in  the  8ub&et|uent  peixentage  calc 
lation  the  sum  total  must  invariably  be   100,     Every  loss  suSeitnl  < 
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cxoefis  obtainetl  in  tlie  detenmnation  of  the  several  constituentB  will, 
of  course,  fall  exclusively  upoa  tlie  one  constituent  which  is  estimated 
from  the  loss.  Hence  estimations  of  this  kind  cannot  be  considered 
accurate,  unless  tb«  other  oonstituenta  have  been  determined  by  good 
methods,  and  with  the  greatest  care.  The  accuracy  of  the  results  will, 
of  course,  be  the  greater,  the  less  the  number  of  constituents  determined 
in  the  direct  way. 

If,  on  the  other  hand,  every  constifuont  of  tlie  analyzed  compound 
baa  been  determined  separately,  it  is  obvious  that,  were  the  results  ab- 
solutely accurate,  the  united  weight  of  the  several  constituents  must  be 
exactly  equal  to  the  original  weight  of  the  analyzed  substance.  Sinoe, 
however,  as  we  have  seen  in  §  06,  certain  inaccuracies  attach  to  every 
analysis,  without  exception,  the  sum  total  of  the  results  in  the  percen- 
tage calculation  will  sometimes  exceed,  and  sometimes  fall  short  of, 
100. 

In  all  cases  of  this  description,  the  only  proper  way  is  to  give  the 
results  as  actually  found. 

Thus,  for  iustanoe,  Pelouze  found,  in  his  analysis  of  chromate  of 
chloride  of  potassium, 

Potassium  21 '88 

CThlorine  19'41 

Chromic  acid      58'21 


99-50 

BEaSELitifl,  in  his  analysis  of  sesquioxide  of  uranium  and  potaasa, 

Potaasa  12-8 

Sesquioxide  of  uranium      86*8 


PuLmnsB,  in  his  analysis  of  pyrrhotine, 

Of  FahlniL 
Iron         59-72 
Sulphur  40-22 

99-94 


99-6 

Of  Braail, 
69-64 
40'43 


100*07 


^  Ji  la  altogether  inadmissible  to  distribute  any  chance  deficiency  or  ex* 
_  i  proportionately  among  the  several  constituents  of  the  analyze*l  com- 
|>ound,  as  Buch  deficiency  or  excess  of  course  never  arises  from  th« 
several  estimations  in  the  same  measure  j  moreover,  such  **  doctoring'* 
of  the  analysis  deprives  other  chemists  of  the  power  of  judging  of  its 
accuracy*  No  one  need  be  ashamed  to  couless  having  obtained  some- 
what too  little  or  somewhat  too  much  in  an  anal^^Bis,  provided,  of  course, 
the  deficiency  or  excess  be  confined  within  certain  limits,  which  dififer 
in  difierent  analyses,  and  which  the  experienced  chemist  always  knows 
bow  to  fix  properly. 

In  cases  where  an  analysis  has  been  made  twice,  or  several  times,  it 
is  usual  to  take  the  mean  as  the  most  correct  result.  It  is  obvious  that 
an  average  of  the  kind  deserves  the  greater  confidence  the  Jess  the  re- 
sults of  the  several  analyses  differ.     The  results  of  the  several  analyses 


nmst,  however,  also   be   given,  or,  at 


all   events,  the  maximum    and 
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Since  the  aocuracj  of  an  analjsiH  is  not  dependemt  upon  Uie  qufttititj 
af  substance  employed  (provided  always  this  qn&ntitj  be  not  ditogeUier 
too  small  )^  the  average  of  the  roBults  of  aeyeral  analyses  ia  to  be  taken 
quite  independently  of  the  quantities  used ;  in  other  words,  you  muifc 
not  add  togi^ther  the  quantities  used,  on  the  one  hand,  and  the  weigfati 
obtained  in  the  several  analyses  on  the  other,  and  deduce  from  these 
data  the  percentage  amount ;  but  j'ou  must  calculate  the  hitter  from 
the  results  of  each  analysis  separately,  and  then  take  the  mean  of  the 
numbers  so  obtained. 

Suppose  a  Bubstanoe,  which  we  will  call  AB,  contains  fifty  per  eenl 
of  A ;  and  suppose  two  analyses  of  this  substance  ha,re  given  the  follow- 
ing results : 

(1)  2  grm.  AB  gave  0*90  grm.  of  A. 

(2)  60  *'  "     24*00  " 

I'rom  1,  it  results  that  AB  contains  49*50  per  centw  of  A. 
u     2,  «  «  48*00  ** 


Total       .......     97-50 

Mean 4875 

It  would  be  quite  erroneous  to  say 

24-50  =  52  of  AB  gave  0-99 +  24^00^24-99  of  A, 

therefore  100  of  AB  contain  48'06  of  A; 

for  it  win  be  readily  seen  that  this  way  of  calculating  deetroys  nesrij 
altogether  the  influence  of  the  more  accurate  analysis  (1)  upon  the  avcr- 
age^  on  account  of  the  proportionally  smaU  amount  of  substance  used. 

II.   DeDUCTTION   of  EmPIRIOAL  ^OBMmJSL 

§  199. 

If  the  percentage  composition  of  a  suh^t^ance  is  known,  a  so-called  i 
pirical  formiila  may  be  dec! need  from  this;  in  other  words,  the  rebti 
proportion  of  the  Hcvend  constituents  may  be  expressed  in  equiv&IeGti 
in  a  fonuula  which,  upon  recalcylation  in  per-cents  will  give  numben 
correK})ondiiiig  perfectly,  or  nearly,  with  those  obtained  by  the  analyBis, 
We  are  compelled  to  confine  ourselves  to  the  expression  of  empirical  for- 
mnlae,  in  th«  case  of  all  euhstainces  of  which  we  cannot  determine  the 
equivalent  J  as  e.y.,  woody  fibre,  niLxed  substances,  &c. 

The  method  of  deducing  empirical  formulae  is  very  simple,  and  will  bo 
readily  understood  from  the  following  reflections  : — 

How  should  we  proceed  to  find  the  relative  number  of  eqtuvalentfi  in 
carbonic  acid? 

We  should  say  ; — 

The  equivalent  of  the  oxygen  is  to  the  amount  of  oxygen  in  the  equi- 
valent of  carbonic  acid,  as  1  is  to  ar,  t'.e.,  to  the  number  of  equivalents  of 
oxygen  contained  in  carbonic  acid  y 

8:16::l:a! 

a:=2. 
In  the  mmm  rammer  we  should  And  the  number  of  equivalents  of  car- 

l>on  by  the  following  proportion  :■ — 


190.1 
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(eqmYalent  of  carbon)  (carbon  in  one  equivalent 
of  carbonic  aciti) 

Now  let  us  Btippofie  we  did  not  know  ihe  equivalent  of  carbonic  add^ 
but  simply  ita  percentage  composition,  viz., 

27-273  carbon 
72*727  oxygen 


100*000  carbonic  acid ; 

the  relative  proportion  of  the  equivalents  might  still  be  ascertained,  even 
though  any  other  given  number,  say  100,  be  selected  for  the  equivalent 
of  carbonic  acid<  Let  ns  suppose  we  adopt  100  as  the  equivalent  of  car- 
bonic acid ;  thus, 

8  :  72-727  ::  1  :x 

(Eq*  O)  (Amount  of  oxygen  in  the 

aasomed  eq.  100) 
«=  9-09 10 


6  :  27'273  ::  l:a; 

(Eq.  G)  (Amount  of  carbon  in  the 

assumed  eq,  100) 
a?=4*5455. 

We  see  here  that  although  the  numbers  which  express  the  relative 
proportion  of  the  et^uivaleuts  of  oxygen  and  carbon  have  changed,  yet 
the  reltUim  proporHon  itself  remains  the  same  ;  since 

4*5455  :9"0ii  10: :1  :  2. 

The  process  may  accordingly  be  expressed  in  general  terms  as  fol- 
lows: 

Assume  any  number,  sa^  100  (because  this  ia  the  most  convenient), 
aa  the  equivalent  of  the  compound,  and  ascertain  how  often  the  equiva- 
lent of  each  constituent  severally  is  contained  in  the  amount  of  the  same 
constituent  present  in  100  parta.  When  you  have  thus  fnund  the  num- 
bers expressing  the  relative  proportion  of  the  equivalents,  you  have 
Attained  your  purpose — viz.,  the  de<iu€tion  of  an  empirical  formula, 
Still,  it  IB  usual  to  reduce  the  numbers  found  to  the  simplest  expres- 
sion. 

Now  let  ns  take  a  somewhat  complicated  case,  e.^.,  the  deduction  of 
the  empirical  formula  for  nmnnite. 

The  percentage  composition  of  mannite  is 

39*56  of  carbon 

7*69  of  hydrogen 
52*75  of  oxygen 


100*00 

This  gives  the  following  proportions  : 
6  :  39*56::! 
1  :    7*69 ::1 
8:52*75::! 


a?=6*593 

»= 7*690 
«= 6-593 
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We  liATe  now  t}ie  empirioal  formiilA  for  maamte,  tI^ 
C««i  H,^  Octn 

A  glanoe  shows  that  the  number  of  the  equiyttlenis  of  iiia  eubon  ii 
waal  to  that  of  the  equivalentB  of  the  oxygen ;  and  the  qneitioii  is  now 
wnether  the  relative  proportion  found  may  not  be  OJgproMwd  bj  smslkr 
numbers. 

A  simple  calculation  suffices  to  answer  this  question,  m^ 

6-593:  7-690::  60 :» 

(Any  other  number  might  be  substituted  for  60,  as  iiia  third  term  of 
the  proportion,  but  60  is  veiy  suitable,  sinoe  it  is  diidilble  without  re- 
mainder by  most  of  the  numbers.) 

«=70 

We  have  accordingly  now  the  simple  formula^ 

The  percentage  composition  of  mannite  given  above  having  been  ttl- 
culate^i  from  the  formula^  of  course  the  latter  is  evidved  agam  without 
ambiguity.    Now  let  us  take  the  results  of  an  actoal  analyaa. 

OmnMAKK  obtained,  upon  the  combusticm  of  1*593  gnn.  manniti^ 
with  oxide  of  copper,  3-296  carbonic  acidand  1*106  water.  Tliia  givn 
inper<«ntB, 

39*31  carbon 

7*71  hy^ogsn 
52*98  OixygBB 

lOOKM) 
wkich«  cakulated  as  above^  gi^ea 

Cw«  ^xrm  QwB 

aa  the  first  a^fweanon  of  the  en^iirioal  locmnla;  and  bjOe 
tm: 

6*»:3:rnO=«:s 
jr::7*06 

A  $Umi^  al  thesis  numben  akows  that  7-OS  bbcv  be 
Aan^i  4^w  :.  and  alw  that  the  diftRW»  bKmoi  6*«3  and  6-C»  m 
m  tvidu^  that  Ki>th  ms^  K»  ei|awBi.d  Vr  Aa 


TW  |«\v^  wWthM-  tW  ixmdk  is  fcnwt  «r  not  is  obtained  ^  ite  in- 

<nk«>*tXNK  i%  fiK^vvnts^    lWWa»tfe< 
tliat  f.>(ii:ML  tibe  Sfeoof  mwon  tlrtt»  »  la 
tW  ixwxjsL    If  tW  duBmoKV  »  ukk^  i 
«4  ^Y  V\  tW  ikr^*«»  oJhforax  ct  the  i 

a  mow  A.*«ys't  cd*:  iwr  »  wCH  W  : 
^laaKNwof  %^-4  t^  jiyu'wiAina  i»  nM  i 
Jlti^W  ^^afc  4«M  «aa  ^W  ana 


CA^LCULATIOK  OF  AyALYSES, 


471 


<x)rresponduig  analyBes ;  amoe  the  numbera  fomid  aie  never  absolutely 
correct,  but  only  approximate. 

Thus,  for  instance,  io  the  caae  of  mannite  : 

Calculated  Found 


for 

for 

c. 

39-56 

Q, 

39-67 

39-31 

H, 

7-69 

H, 

7-44 

7-71 

0, 

62-76 

0. 

62-89 

62-98 

100-00 


100-00 


100*00 


IIL    Dediictiom  or  Rational  Fohmui*^. 

§  200. 

If  both  the  percentage  composition  and  the  equival<?nt  of  a  substance 
are  known,  it  is  easy  to  deduce  it«  rational  formula — that  is,  a  formula 
expressing  not  only  the  relative  proportion  of  the  equivalents,  but  also 
their  absolute  number. 

The  following  examples  may  serve  for  illustration : — 

1,  Deduction  of  th^  Jlational  Fomitdu  of  Iff/posnlphuric  Acid, 

Analysis  has  given,  in  the  first  place,  the  percentage  composition  of 
hyposulphuric  acid,  and,  in  the  second  plac«,  the  percentage  composi- 
tion of  hypoauJphate  of  potasaa,  viz,, 

Sulphur 44  44     Potassa 39  551 

Oxygen 55'56     Hy^>08ulphuric  acid      •     (50*449 


Hyposulphuric  acid  .     100.00     Hyposulphateof  potassa  100*000 
(Equivalent  of  potassa^47*ll) 
Now : 

39-551  :  60-449  : :  47-11  :  x  x^72 

Hence  72  is  the  sum  of  the  equivalents  of  the  constituents  contained 
in  hyposulphuric  acid — in  other  terms,  the  equivalent  of  hyposulphuric 
acid. 

Having  thus  ascertained  the  correct  erpiivalent  of  hyposulphuric  acid» 
it  is  unnecessary  to  assume  a  hypothetical  one,  as  we  are  obliged  to  do 
in  the  caae  of  mannite. 

Thus  we  may  state  at  once  : 

100:  44*44::  72:  a?  x=32; 

tL«;^=ilie  sum  of  the  equivalents  of  the  sulphur  ;  and  again : 

100  :  55-5(1::  72  :  a?  x=4a; 

«.«.=the  sum  of  the  equivalents  of  the  oxygen. 

Now  the  equivalent  of  Rulphur,  i.e.  If),  is  contained  twice  in  32  ;  and 
the  equivalent  of  oxygei^,  i.^.  8,  in  contained  live  times  in  40 ;  the  ra- 
tional formula  for  hyposulphuric  acid  is  accordingly, 

2,  Deduction  of  the  RatioTial  Form^da  of  Senzoie  Add, 

SrarHOtrsE  obtained  from  0*3807  hydrated  beneoic  acid,  dried  at  100% 
0*0575  carbonic  acid  and  0*1698  water. 


it2  CAWUhATlO^  Ojr  A5ALY1E& 

0*4287  benzoiifce  of  silver,  dried  at  100%  gaTe  0202  silver, 
these  numbers  result  the  folio wmg  percenta^  compositioiifl : — 

Carbon       .     •     •     ,     ,     68*f>7     Oxide  of  sil%^eT     .     .     .     50*6T 
Hydi^gen       ,     -     ,     •       4^95     Ben^oie  add  .     •     •     *     49*33 


Oxygen      ,     .     -     .     ,     26*38 


Ben^oate  of  ^vecr    ,     ,  100-00 


Hydrated  hernmic  acid  lOO'OO 

(EqiLi\*aknt  of  the  oxide  of  iiilver=^l  15*97) 

60-67  :  49*33  : :  1 15*97  :  as  as==112"904 

i.«.  the  equivalent  of  anhydrous  benzoic  acid ;  that  of  the  h jdiated  acii! 
«ooordingly=112i)04+9:=121'904  ;  we  aay  therefoi-e  now 

100  :  e^'6r  : :  121-904  :  x  a^=83-71I 

100  :    4  95 : :  121-904  :  as  x=  6033 

TOO  ;  2d  38  : :  121  904  :  a?  a?=^32"158 

6  Ifl  contained  in  e3'711         13*95  times 
1  "  6035  6*03     ** 

8  «  32-158  4-02     " 

A  glanee  at  these  qnotienta  suffices  to  show  that  13-95  may  be  ex- 
changed for  14,  0*03  for  6,  and  4*02  for  4.  The  rational  formula  for 
the  hydrate  of  benzoic  add  is  accordingly^ 

C'*     H,    O,. 

This  giveB,  by  calculation.  The  numbers  found  wer^ 
C  68-86  68*67 

H    4-92  4-95 

O  26-23  26-38 


100-00  100-00 

3.  Deduction  of  the  Raiiorud  Formvla  of  Theine. 

Stenhouse^s  analysis  of  theine,  free  from  water  of  crystallization, 
gave  the  following  results  : — 

1.  0.285  grm.  substance  gave  0-5126  carbonic  acid  and  0*132  water. 

2.  Combustion  with  oxide  of  copper  gave  a  mixture  of  CO,  and  N,  in 
the  proportion  of  4  of  the  former  to  1  of  the  latter. 

3.  0*5828  grm.  of  the  double  salt  of  hydrochlorate  of  theine  and  bi- 
chloride of  platinum,  gave  0*143  platinum. 

From  these  numbers  results  the  following  percentage  composition : — 


Carbon     . 

.     49-05 

Hydrogen 

.       6-14 

Nitrogen  . 

.     28-61 

Oxygen    . 

.     17-20 

100-00 

and  196-91  as  the  equivalent  of  theine.  For  there  is  every  reason  to 
suppose  that  the  composition  of  the  double  salt  of  hydrochlorate  of 
theine  and  bichloride  of  platinum  is 

Theine  +  H  CI  +  Pt  CI, 
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The  equivalent  of  this  double  salt  is  found  by  tlie  following  proper* 
tion: 

0'143 1  0-5828 : :  98-94  (eq.  platinum) :  x  aj=403-23 ; 

and  consequently  the  equivalent  of  theine,  by  subtracting  from  403*23 
the  sum  of  1  eq.  bicikloride  of  platinum  ( 109*86)  and  1  eq*  hydrochloric 
_acid  (36-46) 

403-23-{169-86x36'46)=196'9L 

ISiie  supplies  the  following  proportions : — 


100 
100 
lOU 
100 

49*05::  ItHMU  :  a? 
:    5'U::lim'91  \x 
.  28'61::  196*91  :  a? 
:  17-20::  196*91  ix 

ar=96*584 
aj=10-121 
ar= 56-336 
£C=33-868 

6 

1 

14 

8 

IS  contained  in  96*584, 
"               10*121, 
**              56-336, 
^              33-868, 

16-09  times 

10*12       ** 

4*02       « 

4-23       « 

for  which  D umbers  may  be  Bubstituted,  16,  10,  4,  and  4,  respectively, 
And  we  get  the  following  formula  : 


C,.  H.,  N.  O. 


Thia  gives  by  calculation, 
C  49*47 
H    515 

N  28-89 
O  16-49 


Found, 

49*05 

5*14 

28-61 

17*20 


100*00  lOO'OO 

The  double  bydrocbl orate  of  theinc  and  bichloride  of  platinum  gives 
platiiiuni  in  100  paits. 

Calculated*  Found. 

24*70  24-63 

4.  Speeiol  Method  of  Ded\i>cmff  MaUonal  Formidoifor  Oxyyen  SalU, 
€k.  Jnthe  ease  of  Compoundt  istmtainvngno  Isomotphoua  ConstUuenU* 
The  rational  fomiulfe  for  oxygen  salts  may  be  deduced  also  by  a  me- 
thod diflSN^nt  from  the  foregoing,  vije.,  by  asoertaining  the  ratio  which 
the  respective  quantities  of  oxygen  bear  to  each  other.     This  method  is 
exceedingly  simple. 

In  an  analysis  of  crystallized  sulphate  of  soda  and  ammonia,  I  found. 

Soda     ....  17*93 

Oxide  of  ammoidum     .  15*23 

Sulphuric  acid      .         ,  46*00 

Water  .         .  20*84 


4(KO,SiOJ+HOor4(J!Jlo,SiO»)+.q, 

Not  oqIt  iaomorphoQS  substances,  bat  gmnaUj  all  bodies  of  analo- 
gous  compcfiitioii  poesess  the  fMrolty  of  repLadng  each  other  in  oom- 
poonds ;  thus  we  find  that  KG,  Na  O,  Oa  O,  Mg  O,  ^c^  replace  each 
odxer.  TVese  substances  likewise  must  be  e^iressed  coUectiTelj  in  the 
formula. 


Abich  found  in  andwane 


SiHcic  acid                59-60 

Ahittdna                    S4  28 

.      1122) 

^teequkodde  of  iron     1*58 

OiS 

liiai»                            5*77 

i^r 

Ma^MM                     108 

0-43 

Soda                            6-53 

1-68  ' 
018 

I\4aaaa                         1<^ 

of  Oxjgea. 
31-79 

11-70 


3-90 


i 


99^2 
Now 

3^  :  11  70  :  31  79=1  :  3  :  815=1  :  3  :  8. 

l^««i|f&atisi^   1  #^  metal  W  R»  we  obtain  finom  these  numbers  the 


.=E  a,  3i  0,+R,  0„  3SiO„ 
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kO,  SiOj  + 


Al 


.:h" 


3  Si  O. 


Showing  thus  that  this  mineral  Lb  leucite  (K  O,  Si  O,  +  Al^  O  j,  3  Si  O, ), 
in  which  &e  greater  part  of  the  potassa  is  replaced  by  lime,  soda,  and 
magnesia,  and  a  portion  of  the  alumina  bj  sesquioxide  of  iron. 

These  remarks  respecting  the  deduction  of  formulas  for  oxygen  salts, 
apply  of  course  equally  to  metallic  sulphides. 

IV.  Calcctlation  op    the  Density    of    thk  Tapobs   of   Volatile 

Bodies,  anb  Application  of  the  Results,  as  a  Means  of  oon- 

TBOLLINO    THEIB    ANALYSES,    AND     DETERMINING     THEIR     EgtJIYA- 
LENTS. 

§  SOL 

The  specific  gravity  of  a  compound  gas  is  equal  to  the  aum  of  the 
specific  gravities  of  its  constituents  in  one  volume. 

^.ff.y  2  vol y Dies  of  hydrogen  gas  and  1  volume  of  oxygen  gas  give  2 
Tolnmea  of  aqueous  vapor.  If  they  gave  simply  1  volume  of  ac^ueoua 
vapor,  the  specific  gravity  of  the  latter  would  be  equal  to  the  sum  total 
of  the  Bpecifio  gravity  of  the  oxygen  and  double  the  specific  gravity  of 
the  hydrogen — viz., 

2x0*0693=0^1386 
-fMQ83 

=1*2469 

But  as  they  give  2  volumes  of  aqueous  vapor,  this  1  2469  is  distri- 
buted between  the  two  volumes ;  accordingly  the  epecific  gravity  of  the 
TWpor  is 


r 


1-2469 


=0*62345 


It  will  be  readily  seen  that  the  knowledge  of  the  density  of  the  vapor 
of  a  compound  supplies  an  excellent  means  of  controlling  the  correctness 
of  the  relative  proi>ortiona  of  the  equivalents  assumt^d  in  a  formula. 

For  inetance ;  from  the  results  of  the  ultimate  analysis  of  camphor, 
hftfi  been  deduced  the  empiiical  formula : 

DrMAS  found  the  density  of  the  vapor  of  camphor— 5*312.  Kow,  by 
what  means  do  we  find  whether  this  formula  is  correct  with  respect  to  the 
relative  proportions  of  the  eqidvalents  ? 

Specific  gravity  of  the  vapor  of  carbon  0'831 

"  **  hvdrogengaa  00693 

"  **  oiygengas  1108 

10  eq.  0=10  volumes=lOxO*B31  =8*310 
8  eq.  H=16  volumes^  16  xO'0693=  1-109 
1  eq.  O^   1  volume  =   lxM081::=M08 


10*527 


4f8 


eucci^nov  or  MUtAEttam. 


RWl. 


This  sum  is  almost  exnctly  twice  as  \hrge  as  the  specific  gravity  fotmd 
hj  direct  experiment  ("^'=5-263);  whick  shows  that  the  relative  pnv 
portioiLS  of  the  eqiuvaleut^t  are  correctly  giyen  in  the  empirical  formtik 
of  camphor.  But  whether  the  formula  is  ccwrect,  also,  with  regartl  to 
the  absolute  number  of  equivalent«j  cannot  be  deteroiined  simply  from 
the  density  of  the  vapor,  because  we  do  not  know  to  how  many  volumei 
of  camphor  vapor  1  equivalent  of  camphor  corresponds.  LrEBio  assmn» 
the  e<imvtdent  of  camphor  to  corresptmd  to  2  volumes,  and  givea  accord- 
ingly  the  formula  C,o  H«  O ;  whilst  Dumas  aasumes  it  to  correspond  to 
4  volumes,  and  accordingly  gives  the  formula  C^q  Hi«  O^ 

The  knowledge  of  the  density  of  the  vapor  aftbrds,  therefore,  in  reality^ 
simply  a  means  of  controlling  the  correctness  of  the  analysis^  bnt  not  of 
establishing  a  rational  formula ;  and  although  it  is  made  to  serve  some- 
times  for  the  latter  purpose,  yet  this  can  be  done  only  in  the  case  of  sub- 
stances for  which  we  are  able  t<»  infer  from  analogy  a  certain  rmtio  of 
condenKation  :  thus,  for  instanoe,  experience  proves  that  1  eqnivaknt  of 
the  hydrates  of  the  volatile  organic  acids,  of  alcohols,  ^bc,  ^^rresponda 
to  4  volumes. 

In  §  200,  2,  we  have  found  the  rational  formuLi  of  hydrated  benzoic 
acid  to  be  C,^  H>  O,.  DtmAS  and  Mitschkelich  found  the  T^>or  deo- 
sity  to  be  4*26. 

Now  nearly  the  same  number  is  obtained  by  dividing  by  4  the  sum 
total  of  the  gravities  of  the  seveTal  constituents  contained  in  I  equiva- 
lent of  hydrated  benzoic  acid,  viz., 

14  volumes  C= 11  634 

12  volumes  H==:  0*831 

4  volume®  0=  4'433 


16-897 


=  4*224 


Hermann  Kopp*  has  called  att-ention  to  the  fact  that,  if  the  equi^ 
of  a  Bulmtjuice  refers  to  H  ^  1,  and  the  vapor  density  of  the  same  to  i    _ 
moBpheric  air  =:  I^  the  division  of  the  equivalent  by  the  vapor  dtamtj 
gives  the  following  quotients, 

28*88         14'44         7*22 
according  as  the  formula  corresponds  to  4,  2,  or  1  volume  of 
28*88  corresponds  to  a  condensation  to  4  volumes 
14*44         *'  '*  '^  2       " 

7*22         «  «  **  1  volume 

Kopp  calls  these  numbers  tu>rmctl  quotients.     If  the  vapor  density  i 
not   quite  exact,   but  only  approximate    (determined  by  experiments^ - 
other  numbera  are  found,  but,  to  be  correct,  these  must  come  near  the 
normal  numbers. 

If^  therefore,  we  know  the  equivalent  of  a  body,  we  may,  with  the 
greMest  facility,  ascertain  whether  the  determination  of  the  vapor 
density  of  the  body  has  given  approximately  correct  results  or  not, 

Gay-Litssac  found  the  vapor  density  of  alcohol  to  be  1*6133  j 
B ALTON,  2*l,f 

♦  Compt  rend.  44,  1347  ;  Chem,  GentrHlbJ.  1857.  6W. 
f  Qmelin'B  H&zidbook,  viii,  199. 
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Kow,  wMcIi  ifi  tlie  correct  Bumber  ? 

The  equivalent  of  alcoholj  C|  H«  O,,  is  46. 

2-1 

1*6133 

It  IB  evident  that  Gay-Lusbac'*8  number  is  approximatelj  correct, 
for  the  quotient  found  by  it  cornea  very  near  the  normal  quotient, 
28-88. 

Again,  if  we  know  the  equivalent  of  a  body,  and  the  number  of 
volumes  of  vajior  corres}X)ndijig  to  1  equivalent,  we  may  also,  with  the 
same  fieu^ility,  calculate  the  theoretical  vapor  density  of  the  body.  For 
instHDCe,  tho  equivalent  of  hydrated  benzoic  acid  is  122.  The  diviaion 
of  this  number  by  28*88  gives  4*224  as  vapor  denaity,  which  ia  the 
same  as  that  found  by  actual  experiment. 

And,  lastly,  if  we  know  approximately  (Le,  by  experiment)  the 
vapor  density  of  a  body,  and  abo  the  ratio  of  condensation,  we  may, 
'wdth  the  aid  of  theae  quotients,  approximately  calculate  the  equivalent 
of  the  body. 

^,ff.  The  vapor  density  of  acetic  ether  has  been  found  =  3*112. 
The  multiplication  of  this  number  by  28'88  gives  89*87  as  the 
equivalent  of  acetic  ether,  which  comes  near  the  actual  equivalent, 
88. 

Having  thus  shown  how  the  knowledge  of  the  va|^H>r  density  of  a 
body  is  turned  to  account  as  a  means  of  controUing  the  results  of  an 
ultimate  analysis  of  the  same,  we  will  now  proceed  to  ahow  how  the 
vapor  density  is  calculated  fi-om  the  data  obtained  as  described  in  §  191, 
AandB. 

A.  We  win  take  as  an  illustration  Dumas'  estimation  of  the  specific 
gravity  of  the  vapor  of  camphor* 

The  results  of  the  process  were  as  follows  :— 

Temperature  of  the  air         ,....,         .     13'5* 
Barometer            ,,.,..,..     742  mm, 
Temi)erature  of  the  bath  at  the  moment  of  sealing  the  globe     244"^ 
Increase  of  the  weight  of  the  globe       ....         .  0'7U8  grm. 
Jolume  of  mercury  entering  the  globe         .         .         .         ,295  c.c. 
idual  air 0 

Now,  to  find  the  vapor  density,  we  have  to  detennine, 

1.  Tlie  weight  of  the  air  which  the  globe  holds  (as  a  neeessary  step  to 
the  determination  of  2). 

2.  The  weight  of  the  camphor  vapor  which  the  globe  holds, 

3.  Tlie  volume  to  which  the  camphor  vapor  corresponds,  at  0**  and 
7G0  mm. 

The  solution  of  these  questions  is  quite  simple ;  and  if  the  calcula- 
tion^ notwithstanding,  appears  somewhat  complieated,  this  is  merely 
owing  to  certain  reductions  and  corrections  which  are  required. 

L    The  weight  of  the  air  in  the  globe. 

The  globe  holds  295  c,  c,  aa  we  aee  by  the  volimie  of  mercury  re- 
quired to  fill  it. 


Thk  snm  la  almost  exibctly  twica  ^  ^-r^'^-^ad  T43  nua, 

hj  direct  expermu^t  (^"I'WS'grja) : 

poTtioDM  of  tlie  oqutvaleiit4i  are  oor  .-n?M  of  $  195,  u 

of  camphor.     But  whf^sther  the  ft; 

the  absolute  iiumbiT  of  f?quivaiM'  ^ 

the  density  of  tlie  vapor,  Ikh^u-  ^^  ^^q  ^^j 

of  camphor  ^i^ir  1  i?qyivalcjif  ' 

tiae  eqiUTaleiit  of  ouniplior  to 

ingly  the  formula  C,„  H,  O;  ^       .  ^. 

4  voliimea,  and  accoi^iiigly  (**  ^    *^**  '  ^*^  °™") 

The  kiiowli*clg€  of  the  d* 

[ply  a  meana  of  contra  ^^-  weighfi  0 '00 129 36 G  gnu.  J  tU 

ibHfftliiiig  a  nttional  f 


time-s  for  the  latt»r  \m^m^^^^     ^i_A*qr»iifi    .  ... 

slimeea  for  wj  r^ ° 


ibeliydiii*'                  ^  ^    .                      .    ^    ^^     ^     . 

to  4  Tofair  flfflriiMiit  ir»  tiled  the  ^bbe+tiie  air 

]2i  I  K  ^M  iha  i^bbe+ilie  Tapor  (but  witlioiik 

^^  4p  1  u»  Mtaal  w«i(dit  of  die  "vapor,  it  is  not 

g^.t»%  ^  ftom  tli0  wd^  of  iha  c^be  filled  wilk 

ITov  -(fiaat-foJr)  ia  not^iMymr  /  Init  ira  luno 

toiaii  kplaoei  tli0ir«|g^of  ibeairfromtlietany 

l^jnH;  p  air  to  the  inereaae  of  the  wagbt  of  ika 

irintlioc^be    .    =a-8M46  gna. 
7    *    ^weight  of  globe  .    =0*70800  grau 

■^  npor  18  accordingly      =1-06246  grm. 
^  ,^0  which  this  Weight  of  1-06246  grm.  of  Vapor  ear- 

of  1^  ^^l«^  ^®  above-given  data  that  this  weight  corresponds  to 

mop  #^^|f*i  *^^  ^^^  ^°^'     ^^01^  '^o  <^^^  proceed  to  reduce  this 

giv  jf*^j^  to  the  directions  of  §  195,  the  following  corrections 


^Jt^Si^  mercurial  thermometer  correspond,  according  to  the 
^y^  of  Kagnus,  to  239^  of  the  air  thermometer  (see  Table 


^ 


to  DuLONO  and  Petit,  glass  expands  (commencing  at 
^^^if  its  volume  for  each  degree  C.     The  volume  of  the  globe  at 
^W^  of  sealing  was  accordingly — 


255^295^^^297  c.c 
35000 

^gl  aow  proceed  to  reduce  this  volume  to  0^  and  760  nun.  we  find 
^T^iepordon, 
9  760:742::297:aj 

X  (t.«.,  c.  c.  of  vapor  at  760  mm.  and  239**) =290 ; 
m  the  equation. 
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1  + (239x0-00366) 

X  (Le.  c.  c.  of  vapor  at  760  mm.  and  0^)  =  154*6. 
154*6  c.  c.  of  camphor  vapor  at  0^  and  760  mm.,  weigh  accordingly 
1*06246  grm. 

1  litre  (1000  c.  c.)  weighs  consequently  6*87231  grm.;  since 

154*6  :  1*06246::  1000  :  6*87231. 

Now  1  litre  of  air  at  0**  and  760  mm.  weighs  1*29366  grm. 

The  specific  gravity  of  the  camphor  vapor  consequently  =  5*312 ;  since 

1*29366:  6*87231  ::1  :  5*312. 

B.  We  will  here  take  an  imaginary  determination  of  the  vapor  density 
of  ether  as  our  example. 

Bulb + ether  =0*3445  grm. 

"  empty  =0*2040  grm. 

Weight  of  ether  =0*1405  grm. 

Temperature  of  the  glycerine  solution  in  the  outer  cylinder  100^ 

Sp.  gr.  of  the  same  solution  at  100^ 1 

Barometer 752  mm. 

Difference  betweea  the  height  of  the  mercury  in  the  outer  ) 

and  inner  cylinders )  50  mm. 

Height  of  the  column  of  mercury  in  the  outer  cylinder. .  60  mm. 

Inside  height  of  the  outer  cylinder 400  mm. 

Volume  of  the  vapor  as  found  from  the  tubers  table ....  60  c.  c. 

The  glycerine  solution  being  400—60=  340  mm.  high  and  having 
a  specific  gravity  of  1,  corresponds  to  a  column  of  mercury  of  25  nmu 
The  vaiK)r  consequently  is  under  the  pressure  of  752+25—50=727  mm. 
60  c.  c.  of  ether  vapor  at  100°  and  727  mm.  consequently  weigh  0*1405. 
We  have  now  to  (»dculate  the  weight  of  60  c.  c.  of  air  under  the  same 
circumstances. 

1000  c.  c.  air  of  0°  and  760  mm.  weigh  1*29366  grm.  Heated  to  100° 
they  become  1366*5  c.  c.  (comp.  §  195,  a),  and  with  the  pressure  reduced 
to  727  mm.  these  expand  again  to  1428*5  c.  c.  (comp.  §  195,  0).  But 
the  air  still  weighs  the  same,  viz.,  1*29366  grm.  .*.  1428*5  c.  c.  weighing 
1*29366,  60  c.  c.  weigh,  under  \he  same  circumstances,  0*05433  grm. ; 

hence  the  sp.  gr.  of  ether  vapor  =-  -       —=2*586 
^  ^  ^        005433 


PART  II. 


SPECIAL    PART. 


81 


:t..    •: 


_ 


OF  FRESH  WATEK  (SPRIKG-WAl 
KIVEK- WATER,  ikc.)» 

§202. 


I 
I 


The  aoAlysis  of  the  several  kind»  of  freali  water  is  usuoRy  reatrictod  to 
the  quantitative  esiimaticm  of  the  follo^Tiig  subatances  v — 

a*  Sasea:  Soda,  liitie,  magnesia. 

h.  Acids  :  Sulphuric  aeid^  nit  lie  acid,  silicic  acld^  carbomc  acid,  chlorine. 

c.  MccJmnirally  mispenthd  Matlers :  Clay,  kc. 

We  confine  ountelves,  therefore,  h»re  to  the  estiinatioii  of  these  bodies. 

I.  The  WaiAT  is  dear. 

1,  I}eter  mi  nation  of  tJie  VMorine, — This  may  he  effected^  either,  %  in 
the  gravimetric,  or,  6,  in  the  volumetric  way* 

a,  Gravim€^trically. 

Take  500 — 1000  grin.  ore.  c.f  A<adify  with  nitric  acid,  and  precipi- 
tate urith  nitnite  of  silver.  Filter  when  the  precipitate  has  complrtteii/ 
auhaided  {^  141,  I.,  a).  If  tbo  quantity  of  the  chlorine  is  so  inconaider- 
abh'  that  the  solution  of  nitrate  of  silver  produces  only  a  aliglit  turbidity, 
evaporate  a  larger  |jortion  of  the  water  to  f  j  ^,  ^,  <fec.,  of  its  bulk,  filter, 
WBsh  the  pi*ecipitate,  and  treat  the  filtrate  as  directed. 

b,  Voiumetrieally, 

Evaporate  1000  gim.  or  e.  c.  to  a  small  bulk,  and  determine  the 
chlorine  in  tlie  residual  Huid,  wit!io«t  previous  filtration,  by  solution  of 
nitrate  of  silver,  with  addition  of  chromate  of  potassa  (§  141^  I.,  6,  a). 

2,  Ditermintiti4yn  of  th^  iSidphuric  j4rjVA— Take  1000  grm.  or  c.  c. 
Acidify  with  bydroehloric  acid  and  mix  with  chloride  of  barium.  Filter 
after  the  precipitate  ha^  complt'teh/  subsided  (§132,  L,  I),  Ifthe  quan- 
tity of  the  snlplniric  acid  is  ver^^  inconaiderahle,  evaporate  the  acidified 
water  to  J,  J,  J,  litc,  of  the  bulk,  before  adding  the  cliioride  of  barium. 

3,  Detei'Tninatloti  o^f  ^^itric  Acid, — -If,  on  testing  the  residue  on  eva- 
^loration  of  a  water  for  nitric  acid,  such  a  strong  reaction  is  obtained 
that  the  presence  of  a  detemxinable  quantity  of  tlie  acid  may  be  inferred, 
evaporate  lOOO  or  2000  c.  c.  of  tlie  water  in  a  ()orcclaiu  dish,  wash  the 
residue  into  a  flask  (if  aiiy  c^irbouate  of  lime,  ifcc,  remains  sticking  to 
the  dish^  it  may  be  disregarded,  as  all  nitrates  are  soluble),  evaporate  in 
the  flaak  still  further,  if  necessary,  and  in  the  small  quantity  of  residual 
fluid  determine  the  nitric  acid  according  to  g  141),  </,  a,  or  ^*  The  for- 
mer method  is  less  suitable  if  the  residue  on  evaporation  contaiua 
organic  matter.     If  the  latter  method  is  employed,  the  evaporated  water 

*  Compare  Qaalitotive  AiialjBis,  p.  202,  et  seq.  See  a  paper  recently  read 
before  the  Chemical  Society  by  Dr,  Miller — the  Society -s  Journal  (2),  iii,  117, 
ei  eeq. ;  also,  Frankland,  idem  (2),  iv.,  230,  and  vL,  77;  and  Wanklyn,  Cbap< 
roan^  and  Smith,  idem  vi.,  152. 

f  Aa  the  fipectfic  gravity  of  fresh  water  diifembut  tittle  from  that  of  piire  water, 
the  aeveral  quautitiea  of  water  may  safely  be  mea^tired  instead  of  weighed*  Tho 
oaloolatLOD  is  faciUtated  by  taking  a  roujid  number  of  c,  o. 
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must  first  be  lieated  with  potaysh  solutiom  tUl  no  more  alkaline  vapon 
escape. 

4.  I}etermmatum  of  the  SUu^  Acid^  XtW,  and  3fa^^nenm^ 
Evaporate  1000  grm.  or  c.  c.  to  dryneaa — aftar  addition  of  some  hjdro- 
chloric   acid — preferably  in   a   platinum   dish,  treat  the  residue  witli 

hydrochloric  acid  and  water^  filter  olf  the  separated  silicic  licid,  and  treat 
the  latter  aa  directed  §  140  II*,  a.  Estimate  the  lime  and  magnesia  in 
the  liltrate  as  directed  §  154,  6,  a  (29). 

6p  DittemUnation  of  llie  toted  Jiesidv^  aiid  of  ifte  Soda, 
a.  Evaporate  lOOO  grm,  or  c.  c,  of  the  water,  with  proper  caw,  to 
dryneaa  in  a  weighed  platinum  dish,  first  over  a  lamp,  tinally  on  the 
water-bath.  Ejcpose  the  residue,  lq  the  air-bath,  to  a  temperature  ol 
about  180^,  until  no  further  diminution  of  weight  takea  place,  Thii 
gives  the  t^tul  amount  of'  tli^  9<di&^ 

h.  Treat  the  residue  with  w^ater,  and  add,  cautiously,  pure  dilute  sul* 
phuric  acid  Ln  moderate  excess ;  cover  the  vessel  during  this  operaticm 
with  a  diah,  to  avoid  loss  from  8}>ii-ting;  then  place  on  the  water-batb, 
without  removing  the  cover.  After  ten  minutes,  rinse  the  cover  by  means 
of  a  waah ing  bottle,  evaporate  the  contents  of  the  dish  to  drjneaa,  expel 
the  free  sulphuric  acid^  ignite  the  residue,  in  the  laat  stage  with  addition 
of  some  carbonate  of  ammonia  (§  97,  1),  and  weigh.  The  reRidue  con- 
sisti  of  sulphate  of  sotia,  sulphate  of  lime,  sulphate  of  magnesia,  and 
some  separated  silicic  acid.  It  must  not  redden  moist  litmus  p»t|>er,  He 
quantity  of  the  sulphate  of  soda  in  the  residue  is  now  fonnd  by  sulvtnci* 
iug  from  the  weight  of  the  latter  the  known  weight  of  the  silicic  acid  and 
the  weight  of  the  sulphate  of  lime  and  sulphate  of  magneaia  calculated 
from  the  quantities  of  these  earths  found  in  4, 

6.   Direct  Esiimaii4}n  of  tlie  JSoda, 

The  soda  may  also  be  determined  in  the  direct  way,  witb  comparatiTB 
expedition,  by  the  fijllowing  method  : — 

Evaporate  1250  grm.  or  c,  c*  of  the  water,  in  a  diab,  to  about  J,  and 
then  add  2 — 3  c.  c.  of  thin  pure  milk  of  lime,  so  as  to  impart  a  stronglr 
alkaline  reaction  to  the  flyid ;  lieat  for  some  time  longer,  then  wash  the 
contents  of  the  dish  into  a  quarter-litre  flask.  (It  is  not  necessary  to  rinse 
every  ]>ai'tiele  of  the  precipitate  int-o  the  fla-sk ;  but  the  whole  of  the  fluid 
must  he  triiJiHferred  to  it,  and  the  particles  of  the  precipitate  iidhi 
to  the  dish  well  washed,  and  the  washings?i  also  added  to  the  Hask,)  A 
the  coutt'iitH  ii}  cool,  dilute  to  the  mark,  shake,  allows  to  ih 
through  a  dry  fdter,  measure  off  200  c,  c.  of  the  filtrate,  ecu 
to  1000  grm,  of  the  water,  transfer  to  a  quarter-liti^  flask,  mix  with  car- 
bonate of  ammonia  and  some  oxalate  of  ammonia,  add  w^ater  up  to  the 
mark,  shtdve,  allow  to  deposit,  filter  through  a  dry  filter,  measure  oS*200 
c.  c,  corresponding  to  800  grm.  of  Uie  water,  add  some  chloride  of  am- 
monium,* evaporate,  ignite,  and  weigh  the  residual  chloride  of  aodiom 
as  directed  §  98,  2.t 

*  To  oonrert  the  still  reiuaizung  sulphate  of  soda,  on  ignitioQ,  inio  chloride  of 
eodium, 

f  This  prooesSf  which  entirely  dispenses  with  washing,  preeenta  one  aonree  of 
error — viz. .  the  spaoe  occupied  by  the  precipitates  is  not  t^en  into  aooofunt.  The 
error  resnlting  from  this  iji,  however^  so  trifling,  that  it  may  safely  be  diarc^aided| 
as  the  excess  of  weight  amounts  to  jijs  at  the  moet  — 
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7.  Calciilat-e  the  numbers  foimd  in  1^6  to  1000  pni*t«  of  water,  and 
deteniiiue  from  the  data  obtained  the  amount  of  carbonic  ctcid  in.  com- 
bmatioD,  as  follows : — 

Add  together  the  quantities  of  sulphuric  acid  correspondiTig  to  the 
baaea  found,  and  subtract  ft*t>m  the  sura,  fii'st,  the  amount  of  sulphuric 
acid  preeipitAted  Itom  the  water  by  chloride  of  barium  (2),  secondly, 
the  amount  correspoDding  to  the  uitnc  acid  found j  and  thinlly,  the 
omotmt  corres landing  to  the  chloriuc  found  (for  1  eq.  CI,  1  eq.  SO^) ; 
the  remainder  ia  equivalent  to  the  carbonic  acid  combined  with  the 
h&^en  in  the  form  of  neutral  carbonates.  40  paits  of  sulphuric  acid  re- 
imdnxng  after  subtracting  tlie  quiuritities  just  stated,  correspond  accord- 
inglj  to  22  parts  of  carbonic  acid. 

If,  by  way  of  control  you  wish  to  detennine  the  combined  carbonic 
acid  in  the  liirect  way,  evaporate  1000  gnii.  or  c.  c.  of  the  water,  in  a 
Bttsky  to  a  smiUl  bulk  ;  add  tincture  of  cochineal,  then  standard  nitric 

'  I,  and  proceed  as  dii-ected  p, 

8^  ControL 
"H  "tti©  quantities  of  the  soda,  lime,  magnesia,  sulphuric  acid,  nitric 
iirid,  silicic  acid,  cai'bonic  acid,  and  chlorine  ai-e  added  together,  and  an 
amount  of  oxygen  corresponding  to  the  chlorine  (since  this  latter  ia 
cumbined  with  metal  and  not  with  oxide)  is  aubtracted  from  the  sum, 
the  remainder  muat  nearly  correspond  to  the  totjil  amount  of  the  salts 
found  iu  5,  a.     Perfect  correspondence   cannot  be  expected,  since,  1, 

^llpon  the  evaporation  of  the  water  chloride  of  magnesium  is  partially 
decomposed,  and  convertt»d  into  a  Iwtsic  salt ;  2,  the  silicic  acid  expels 
some  carbonic  acid ;  and  3,  it  being  dilHcult  to  free  carbonate  of  mag- 
umia  from  water  'ftdthout  incurring  loss  of  carbonic  acid,  the  residue 
remjuiiing  upon  the  evajmration  of  the  water  contains  the  carbonate  of 
magnesia  b»  a  biiKic  S4ilt,  whereas,  in  our  calculation,  we  have  assumed 
|k^  c[Ufuitity  of  carbonic  acid  corresiKniding  to  the  neutral  stUt. 
9,  Determination  of  the  free  Varbonic  Acid. 
In  the  case  of  well-wat«r  this  may  he  conveniently  executed  by  the 
process  desciibed  §  139,  3  {p.  286) »  We  hew  obtain  the  carbonic  acid 
w^hich  is  contuiiied  in  the  water  over  and  above  the  quantity  corre- 
B{H>ndtug  to  the  monocarbonates,  or  in  other  words,  tlie  carbonic  acid 
which  is  free  and  which  is  combined  with  the  caibonates  to  bicar- 
bonates. 

10.  Determiuatimi  of  the  Organic  Matter* 

Many  well-waters  contain  so  much  organic  matter  as  to  be  quite 
yellow^  othei-s  contain  traces,  and  many  again  m*iy  be  said  to  be  free 
from  such  substances.  The  exact  estimation  of  organic  matter  is  by  no 
means  an  easy  task,  and  the  metln>d  usually  adrqited — viz,,  ignition  of 
tlie  residue  of  the  water  dried  at  1>*0^,  treatment  with  caibonat*}  of 
ammotiia,  gentle  ignition  again,  and  calculation  of  the  organic  matter 
from  the  loss  of  weight — yields  merely  an  approximate  result,  since  we 
dm  never  lie  sure  as  to  the  condition  of  the  carbonate  of  magnesia  in 
the  residue  dried  at  180'^  and  in  the  same  after  igoition,  and  since  the 
silicic  acid  exj*els  some  caibonic  acid,  which  m  not  taken  up  again  on 
ireutinent  with  carbonate  of  ammonia,  <kc.  However,  it  is  generally  a 
siatter  of  im[>ortanne,  in  regard  to  the  a|>plication  of  a  water,  to  know 
the  quantity  of  organic  matter  pi'esent,  hence  we  have  lately  had  ro- 
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coiuse  to  the  permanganate  of  potaasft,  and  sought  to  detenttiDe  tbo 
organic  matter  at  least  comparatively  from  tlie  quantity  of  the  oxidixiiig 
agent  reduced  by  a  definite  amount  of  water,  Fobchhammer*  heala  a 
certain  quantity  of  the  water  to  boiling,  runn  in  a  dilute  aolution  of 
permanganate  from  a  burette,  till  a  faint  but  permanent  re<ines8  occurB, 
he  then  allows  to  cool,  and  to  a  like  quantity  of  pure  distilled  water 
adds  permanganate  from  the  same  burette  till  a  similar  coloration  i« 
formed ;  lajstly,  he  finds  from  the  differenee  the  quantity  of  pemianga' 
UAte  reduced  by  the  substances  contained  in  the  water.  Eit,  Moa^iiBf 
usee  a  solution  of  1  grm.  permanganate  of  potassa  in  1  litre  of  dlKtiUed 
watoTy  puri&ed  by  rectilication  over  some  permanganate  of  potu&sa.  He 
warms  500  c.  c  of  the  water  to  70^,  adds  1  c.  c.  pure  sulphuric  add, 
and  then  the  standard  solution  of  permanganate  to  incipient  colorutiuu, 
and  finally,  deducting  from  tVie  quantity  employed  the  quantity  neces^ 
sary  to  Impart  the  same  coloration  to  50<)  c.  c,  of  purified  distilled 
water,  acidulated  and  heated  as  above,  he  obtains  the  quantity  of  per- 
manganate which  has  been  reduced  by  the  substances  present  in  the 
water  tested. 

Comjmrntive  experiments  of  this  kind  are  often  of  value ;  but  ihej 
do  not  provide  us  with  a  numerical  expression  for  the  amount  of  or- 
ganic substances  present,  since  waters  contain  sometimes  other  bodiei^ 
especially  nitrites,  sulphui-etted  hydrogen,  and  salts  of  protoxide  of 
iron,  which  have  the  projjerty  of  reducing  permanganate  of  potaaai, 
and  since  again  organic  sulmtances  decompose  various  qua&iiiiea  of  thii 
salt,  according  to  their  natui*e. 

II.    Tlie  water  u  not  cUan 

FUl  a  large  flask  of  known  capacity  with  the  water,  doee  Willi  i 
stopper,  and  allow  the  flask  to  stand  in  the  cold  until  the  su 
matter  is  deposited ;  draw  off  the  clear  water  with  a  siphon 
practicable,  filter  the  bottomi*,  dry  or  ignite  the  contents  of  the  ^tST, 
and  weigh.     Treat  the  clear  water  as  directed  in  I. 


Bespecting  the  calculation  of  the  analysis,  I  r^n&rk  simply  that  thi 
results  are  ustt4dly\  aiTaiiged  uj^on  the  following  prindples  : — 
•  The  cMorvne  it*  combined  with  sotlium  ;  if  there  is  an  exce^  this  ii 
combined  with  calcium.  If,  on  the  other  hand,  there  remains  an  ex* 
cess  of  soda,  this  is  combined  with  sulphuric  acid.  The  mdphurie  aeiV» 
or  the  r+'maiuder  of  the  aulphuiic  acid,  as  the  c-ase  may  be,  is  couibined 
with  lime.  The  nitric  aci*l  is,  as  a  rule,  to  be  combined  with  lime. 
The  silicic  acid  is  put  down  in  the  free  state,  tlie  remainder  of  the  Hmt 
and  the  ma^nma  as  carbonates,  either  neutral  or  acid,  according  to 
circumstaDces. 

It  must  always  be  borne  in  mind  that  the  results  of  the  qualitati'vt 
analysis  may  render  another  arrangement  of  the  acids  and  bases  "^ 

sary.     For   instance,  if  the  evaporated  water  reacts   strongly  all 
carbonate  of  soda  is  prcHcnt,   generally  in  company  with   sulphate  of 
poda  and   chloride  of  stKlium,  occasionally  also  with  nitrate  of  soda. 

•  Insfcitut.  1849,  383 ;  Jabreeber.  von  v,  Liebigf  u.  Kopp,  1S48,  6081 

tCompt.  rend,  50,  1084 ;    Dingler's  polyt.  Jouol  157.  183* 
A  oertaul  latitude  is  here  allowed  to  Uie  analyst^s  disoreticm. 


m  203,  204.] 


The  lime  and  mAgnesiA  are  then  to  be  entirely  combined  with  carbonic 

In  the  report  J  the  quantities  are  represented  in  parts  per  1000  (or 

1000,000)5  and  also  in  gruinB  per  gallon. 
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For  technical  pnrpoRes,  it  ia  sometimes  sufficient  to  estimate  the 
hardness  of  the  water  (the  relative  amount  of  Uine  and  magneaia  in  it) 
lyj-  means  of  a  standard  Holution  of  soap.  A  detailed  description  of  this 
method,  which  was  first  employed  by  Clabk,  may  be  found  in  Bolley 
'Jf-  Pactl^s  Handbook  of  Technical  Analysia.  See  also  Buttoh^s  Volu- 
metrie  Analysis, 

2.    ACTDIMETBY. 

A,    Estimation  by  Specific  Gravity. 
§  203, 

TahleSy  based  upon  the  residts  of  exact  expeiiments,  have  been  drawn 
ttxpreaaing  in  numlK^rs  the  relation  between  the  specilic  gravity  of 
aqueous  solution  of  an  acid,  and  the  amount  of  real  acid  contained 
i&  it.     Therefore,  to  know  the  anioiint  of  real    acid  contained  in  mi 
aqueous  solution  of  an  acid,  it  »utiSces,  in  many  cases^  simply  to  deter- 
mine its  specific  gravity.     Of  course  the  acids  must,  in  that  case,  be 
I  free,  or  at  least  nearly  free  from  admixtures  of  other  substances  dis- 
'  solved   in  them.     Now,  as  moat  common  acids  are  volatile  (sulphuric 
acid,  hydrochloric  acid,  nitric  at*id,  acetic  acid)^  any  non-volatile  admix- 
i  ture  may  be  readily  detected   by  evaj»oratiiig  a  sample  of  the  acid  in  a 
I  small  platinum  or  |>orcelain  dish, 

I      The  det4E;ruiination  of  the   specific  gravity  is  effected  either  by  com- 
I  paring  the  weight  of  equal  volumes  of  water  and  acid,*  or  by  means  of 
a  good  hydrometer.     The  estuniitions  must,  of  course,  be  made  at  the 
temperature  to  which  the  Tables  refer. 

The  Tables  on  pages  488 — 4S)1  give  the  relations  between  the  spe- 
cific gravity  and  the  strength  for  sulphuric  acid,  hydrochloric  acid, 
nitric  acid,  and  acetic  acid. 

In  all  cases  in  which  the  determinatioii  of  the  specific  gravity  fails  to 
attain  the  end  in  \iew,  or  which  demand  particular  accuracy,  the  fol- 
lowing method  is  employed. 


£0Ti]iATioN  BY  Saturation  with  an  Alkalike  Fluid  op  iCNowy 

STBENOTH.f 

§  204. 
This  methoil  requires  i — 

A  dilute  acid  of  known  Htrength. 
An  alkaline  fi uid  of  known  strength. 

See  OreTille  Williams'  Chemical  Maaipulatioa 

Aocorrling^  to  Nicholsoa  and   Price  (Chem.  Gafe.,  1856,  p.  3)0)  the  oommoa 

method  of  addimetij  is  not  fluited  for  determming  finee  aoetio  acdd^  on  acooont 

\  of  tiie  alkaltne  leaction  of  nentral  scetAte  of  sods ;   howover,  Otto  (Annat.  d. 

Chan.  n.  Pharm.  103,  69)  hjw  cleailj  damonstiated  that  the  error  arising  from 

tilk  ]i  so  ioconsidarable  that  it  maj  wfely  be  disregarded 
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TABLE  n.                                                                                       ^^^B 
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\^miim:»  ?i  the  acid,  accordingly,  40  gnu. 

._  ..-   iwitu  3»?  oxalic  acid,  <kc.     Acids  of 

,.,  .    -.::xa1  volumes  of  them  have  the 

**  ~  !  IB  conveaien    for  tochiii- 

s  dOnte  acids,  either  deoi- 

A»   he  first  step  in  the 

i^  M^  «oaT€iiient  strength  for  ordi- 

.'£  v?il  of  vitriol  with  water  to  the 


;«HB  .■wnunetvial  caustic  |x>tash  ;  this  is 
**  joi  k  ^*«o  volume,  e.  g.  o  c.  c,  neutral- 
***       Hiiu.  i*  »  determined  by  a  few  rough 


A  v^Bed  to  boiling  in  a  flask,  and  a 
lu.  -w  itfcwnpose  any  carbonate  of  j»ot- 

, a*i  »  »«  axftutes  and,  tinallv,  the  ley  is 

-•a*  ^  ''■^iltrfcW  a  wUected  in  the  bottle  from 
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which  it'll*  to  be  used.  Care  nhould  be  ta.ken  to  bring  iipon  the  filter 
Home  of  the  excess  of  lime  that  is  suBpendeil  in  the  liquid,  so  that  the 
latter  may  acquire  no  carl>onic  a€id  from  the  air,  Tliia  clear  licpiid 
thus  obtained  is  a  potash-lye  containing  lime  ui  solution.  If  exposed 
to  the  air,  the  carlwuic  acid  that  is  absorbed  separates  as  carbonate  of 
lime,  leaving  the  licjuid  perfectly  cauatic. 

It  now  remains  to  determine  with  the  greatest  accuracy,  1st,  the  vol- 
ume of  alkali  which  neutralities  a  cubic  centimetre  of  the  acid,  and,  2d, 
the  amount  of  SOj  contsained  in  a  cubic  centimetre  of  the  latter. 

Aa  a  meana  of  recogni^ig  the  point  of  neutralization,  tincture  of 

^jpoohineal   poBnesses   great  advanta^^a  over    solution  of  litmus.      Tho 

nowledge  of  this  fact  is  due  to  Liu-kow,  who  has  detjiiled  its  applica- 

'tion  in  t/our,fiir  J^acL  Vhem.^  Ixxaiv,,  p.  4li4.     Tincttire  of  cochineal 

ia  prepared  by  digesting  and  frequently  ngitating  three  grammes  of  pxib 

verized  cochineal  in  a  mixture  of  50  cubic  centimetres  of  strong  alcohol 

with  iit)*>  c.  c.  of  distilled  water^  at  ordinary  tempemtures,  for  a  day  or 

ro.     The  solution  is  decant ed»  or  fdtered  through  SwedisJi  paper. 

The  tincture  tlius  prepared  has  a  deep  ruby -red  color.  On  gradually 
diluting  with  pure  water  (free  from  amnionia),  the  color  becomes  orange 
and  tinally  yellowish-orange.  Alkalies  and  alkali-^'urths  as  well  as  their 
carbonates  change  the  color  to  a  carmine  or  violet-carmine.  Solutions 
of  strong  ncid  and  acid  salts  make  it  orange  or  yeUowiah-orange. 
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To  tf^t^^mine  th^  *^^i|Wlj^  rekuion  of  ilte  alkali  and  arid^  a  ^y^jx 
volume  of  the  latter,  eJ^lR^  e,  is  measured  off  into  a  wide-mouthed 
flask,  ten  drops  of  cocluneal-tincttire,  and  aboat  150  e,  c,  of  water  are 
added — the  alkali  is  now  allowed  to  flow  in  from  a  burettey  until  the 
jellowifih  liquid  in  the  flaak,  suddenly,  and  by  a  single  drop,  acquires  a 
violet-carmine  tinge. 

In  nicer  determinations^  it  is  important  to  bring  the  liquid  each  time 
to  a  given  volume,  bj  adding  water  after  the  neuti-alization  is  nearlj  fin- 
inhed.  For  this  purpose,  two  or  mot^  flasks  of  equal  capacity  are  ae^ 
leeted,  and  on  the  outnide  of  eaeh  a  strip  of  paper  is  gtimmed  to  indicate 
the  level  of  the  proper  amount  of  liquid,  e.  g.  200  c.  c.  The  same 
amount  of  coloring  matter  being  thus  always  diffuRed  in  the  same  vol- 
ume of  the  same  water,  tlie  errors  of  varying  dilution  and  varying 
amount  of  ammonia  (which  is  rarely  absent  from  distilled  wat^^r)  are 
avoided.  The  contents  of  one  flask,  in  which  the  neutralization  has 
been  satiafactorUy  effected,  may  be  kept  as  a  standard  of  color  for  tlie 
succeeding  trials,  as  the  tint  remains  constant  for  hours,  being  unaflected 
by  the  absorption  of  carbonic  acid.  The  greatest  convenience  and  ac- 
curacy of  measurement  are  obtained  by  using  burettes  provided  with 
Erduanx's  swimmer  (See  p.  30.) 

When  three  or  four  accordant  results  have  been  obtained,  the  average 
is  taken  as  expressing  the  relative  strength  of  the  acid  and  alkali. 

7'(i  ascerUnn  the  absolute  standard^  weigh  off  in  a  small  platinum  cru- 
cible about  0*8  grm.  of  pure  carbonate  of  soda,  ignite  to  dull  redneSi  i 
cuol  and  weigh  accurately  :  bring  the  crucible  with  its  contents  into  one 
of  the  wide*mouthed  flasks  and  let  flow  from  the  burette  a  slight  excess^ 
e.  g.  50  c,  c,  of  standard  acid.  The  solution  of  carbonate  of  sodm  la 
&cilitat^  by  warming,  and,  dually,  the  c^jntents  of  the  flask  are  gently 
boiled  for  several  minutes  to  expel  carbonic  acid.  The  solution  is  now 
allowed  to  become  perfectly  cold^  then  atld  ten  drops  of  cochineal  and 
lastly  the  standard  alkali  to  neutralization,  diluting  to  the  proper  vol- 
ume. 

To  illiiatrate  the  accuracy  of  the  process  and  the  calculations  employed, 
the  following  aotutd  data  may  be  usefid.  The  normal  acid  was  made  by 
diluting  50  c,  c.  of  oil-of-vitiioi  to  the  volume  often  litres  and  bad  half 
the  strength  above  recommended.  The  alkali  was  from  a  stock  on  hand 
and  more  dilute  than  necessary. 

Mdation  of  acid  to  aUcalL 

Exp.  L,  20  c.  c  SO,=32*8  c  c.  KG,  or  1  :  164 
Kxp.  II-,  20  c.  c.  80j  =  32-8  c.  c,  KG,  or  1  :  1  64 
Exp.  III.,      40  c.  c.  SO,z=65'7  c.  c.  KG,  or  1  :  16425 

We  have  accordingly : 

1  c.  c.  SG3^1-G4  c.  c.  KG  and  1  c.  c.  KG=0*6097G  c.  c.  SG, 

Ahmlute  strength  of  acid  and  tdkali, 

Exp»  I.  0*4177  grm,  of  carbonate  of  soda  were  treated  with  44*2  of  SO^ 
To  neutralize  the  excess  of  the  acid  were  required  3'8  c,  c,  KG,  which  cor- 
respond to  2-V2  c.  c.  BO,(3'8xO'609TG).  Deducting  this  from  the  total 
amount  of  acid  (44-2— 2*32)  we  bave  41*88  c.  c  of  acid,  equivalent  to  the 

car  bona ti)  of  soda  Utken. 
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41-88  c,  c  solution  of  80,  =  0-4197  gnu,  NaO  00,^ 
Exp.  n.     0*4126  grin.  NaO  Co^  treated  witli  44  c,  c.  SO3  required 
4*28  c.  c.  KO.     4*38  X  0*60976^  2-61   c,  c,   SO3,     44-2-61==41-39 
c.  c,  SO3. 

41-39  c.  c.  solation  of  SO3=0-4126  grms.  NaO  CO^. 
It  is  convenient  to  calculate  bow  ranch  acid  corresponds  to  53  deci- 
grammes of  carbonate  of  8oda,  since  tbe  relation  of  any  other  siiV^stance 
to  the  acid  is  then  obtained  by  BiibstitutLrig  its  equivalent  number  for  53 
(the  etjuivalent  of  NaO  0*Jvi)i  in  thie  following  equation,  tbua: 
gims.  NaO  COa  a  c.  SO, 


n. 


0-4177  : 
0-4 12a  ; 


0-53 
0-53 


41*88  : 
41*39  : 


53*14 

5347 


Accordingly  0*53  grm,  NaO  00,  neutralize  53*155  c.  c,  80^. 

If,  for  example,  the  solutions  are  employed  for  nitrogen  estimations 
(§  185),  we  learn  bow  much  nitrogen  corresponds  to  1  c.  c*  of  acid,  by  the 
following  proportion : 


o.  a  SOi 


gnxL  N, 


53-155:1      ::     0*140:0-002034 

We  may  then  write  on  the  label  of  the  acid  bottle  the  following  data 
for  calculation. 

I  c,  c.  KG  =0*60976  c.  a  SOj. 
1  c.  c.  8O3  =1*64  cc.  KO. 
1  C  C,  SO3   r^O-a02G34  grm.  N. 

According  to  Luckow,  cochineal  ia  quite  indiflferent  to  carbonic  and 
sulphydric  acidn,  carminic  acid  being  stronger  than  these.  This  is  prac- 
tically true  for  solutions  of  considerable  strength.  Hence  a  No-mial  Al- 
hilifttT  technical  anali/tfU  may  Ite pn parted  hj  simply  dissdmng  53  grms, 
of  pure  and  auht/drvtj^  carhQiiCtU  of  sod/i  in  a  litre  of  ivaUr,  To  make  a 
nomitjl  at^l  mix  1(150  e.  c.  of  water  wdth  60  grm.  of  concentrated  sul- 
phuric acid,  let  CiHil  aad  ascertain  as  just  descriljed  how  many  c.  c,  of 
tlm  acid  neutralize  50  c,  c.  t»f  normal  carbonate  of  soda,  Hujipose  48*6 
c.  c.  are  required,  then  50—  4S*(j  =  1*4  c,o»  of  water  must  be  added  to  every 
48*6  c.  c.  of  acid  t-o  make  it  normal.  For  a  liti*e  of  normal  acid  48*6  x 
20  972  c.  c.  of  this  acid  and  28  c.c.  of  water  should  be  mixed.  As  it  is 
difficult  to  do  this  with  accuracy,  we  ascertain  how  much  water  is 
Deeded  to  bring  1000  c.  c.  of  the  acid  to  the  normal  strength. 

973  :  1000  : :  28  :  aj 
aj  =  28-8 

Fill,  therefore^  a  flask  hofdiuff  a  litro  to  the  mark  with  the  add,  add 
from  a  burette  2H'8  c.  c.  of  water  and  mix.  Test  iinally  theiicid  again&t 
the  alkali  to  be  certain  that  equal  volumes  neutraliiie  each  other, 

Decinorvud  solutiong  may  be  prepared  by  diluting  100  c.  c.  of  the  normal 
solutions  to  a  litre,  or  taking  5*3  gnns.  of  carbonate  of  soda  as  the  starting 
point.  In  the  neutralijeation  it  ia  not  needful  to  expel  c^irbonic  acid  by 
boiling.  The  intiuencti  of  the  latter  is  however  at  once  seen  when  a  caustic 
and  carbonated  alkali  are  opemted  with  side  by  side.  In  case  of  the 
former,  the  point  of  neutralization  (or  rather  of  auper8atui-fttion)j  is 
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ahown  hy  a  prompt  and  decisive  change  from  a  tint  in  wMch  orange 
predominAtefi,  to  one  in  which  this  disappears  and  violet  is  mo^t  marked. 
In  presence  of  carbonic  acid  the  change  is  somewhat  gmdual,  and  though 
a  red  color  is  produced  it  is  modified  by  an  orange  tint,  even  in  pres- 
ence of  a  large  excess  of  alkalL  Heace,  it  is  to  be  recommended,  e«pe- 
ciallj  in  nice  investigations,  to  employ  a  caustic  alkalL  A  I  riffle  lesii 
of  it  will  be  found  needful  to  neutral Lae  a  given  volume  of  acid,  than  is 
required  of  a  carbonated  solution,  and  no  doubt  will  ewt  aa  to  i^e  point 
of  saturation.* 

This  indiBerenee  towards  carbonic  acid  is  a  great  advantage  in  nice 
analyses,  in  that  tlie  time  consumed  for  ettecting  neutralization  is 
without  influence  on  the  res\ilt»  When  litmus  is  used  and  the  point 
of  neutralization  is  i-eached,  a  short  ex]iOSure  to  the  air  suffices  to  raidea 
the  liquid  again.  If  the  operator  is  obliged  to  proceed  slow^ly,  he  will 
require  somewhat  more  alkali  than  when  he  oi>erates  rapidly ;  a  portion 
of  it  being  neutraUjEed  by  atmospheric  carbonic  acid.  With  cochineal^ 
the  result  is  independent  of  the  small  amount  of  carbonic  acid  thnt  can 
come  fiom  the  air.  The  permauence  of  the  color  also  allows  several  ti- 
tiutions  to  be  compared  directly  together. 

Another  advantage  of  cochineal  is,  that  its  solution,  prepared  ba  above 
described,  may  be  j^reaerved  indefinitely  in  closed  vessels^  without  de- 
col  orization  or  alteration. 

6.  T/te  Artufd  Afi<ili/sig.~lt  is  only  necessary  to  weigh  or  measure  off 
a  quantity  of  the  acid  to  be  examined  and  sseer-tmn  how  much  standard 
alkali  is  requirpil  for  its  neutralization,  aa  has  been  detailed.  The  aeleo- 
tion  of  the  alkaline  fluid  depends,  of  course,  entirely  upon  the  quantity 
of  acid  to  be  neutralized.  The  neutralization  of  the  wei^xed  or  maasured 
acid  duid  should  take  about  15 — 30  c.  c. 

In  scientific  investigations,  I  recommend  the  weighing  of  indeterminate 
quantities  of  the  acid  fluid,  as  the  weighing  of  deHnite  quantities  on  a 
chemical  balance  is  troublesome,  and  Uie  trouble  of  calculation  is  not 
woilh  mentioning.  Suppose,  for  instance,  you  have  weighed  off  4'5 
grm,  of  a  dilute  acetic  acid,  and  used  25  c.  c.  normal  solution  of  soda  to  _ 
neutralize  tliis,  you  Arid  by  the  proportion, 

1000  :  25  : ;  60  (eq.  C,  H,  O,)  :  x;  x^l'b, 

that    1*5    grm.   of  hyd  rated   acetic  acid  are  contained  in  the  wei^edl 
quantity  of  the  dilute  acid ;  and  another  proportion,  viz*, 

4*5:  1-5;:  100  i  x;  x=33-33 

gives  the  percentage  of  hyd  rated  acetic  acid  contained  in  the  analyxiidl 
fluid.     Or,  the  calculation  may  also  be  made  as  follows  :^ — 

4*5  grm,  of  the  acetic  acid  examined  having  required  25  c.  c,  of  normal 

*  Collier  haa  made  some  experiments  with  a  sulphuric  acid  contidiiiAg-  95  cl  e 
oil  of  vitriol  to  the  litre,  and  a  solution  of  carbonate  of  soda,  and  he  found,  when 
CO,  was  expelled  hy  boiling,  that  10  c.  c  SOj— 7it6  and  7-67  a  c.  of  NaO  CO,;  , 
when  CO,  wa«  not  expeUed.  10  a  c.  SO,=7*68  and  7*7.     Thews  results  are  aal 
good  aa^  identical.     In  standarding  the    much  weaker  add  above  mentioaed«  1 
he  obtained  for  it  a  yalue  slightly  too  low  when  COg  was  not  removed.     O^i 
grm.  NaO  CO,   ntquized  in  this  oaae  but  53  05  c,  c  SO,,  iosteod  of  5S']5$| 
as  hi  the  other  injrtADoes.     This  is  a  veiy  slight  difference  and  not  appteciablal 
perhaps  with  ordinaiy  burettes,  but  it   is  a  oonstant  and   perceptible   diflef>j 
ence.     What  is  of  more  importance  is  the  uucertaiitta^  aa  to  the  point  of  neu* 
trjiltJULtion. 
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solution  of  soda  for  neutralization,  bow  much  would  6  grm,  (i^e,  tb^ 
weight  of  ^  eq,  grm,  Lydrated  acetic  acid)  require  ? 

4-5:  6  ::  25  :x;  a?=33-33 

It  is  erident  that  in  this  cas^e  the  number  of  c.  c.  found  as  as  expresaeft 
the  percentage  of  hydrated  acetic  acid,  since  100  c.  c.  of  normal  solution 
of  soda  oorreapond  to  ^^  eq.  gim.  pure  li jdrated  acid,  i,  e,  acetic  acid  of 
100  |>er  cent. 

In  t^eclinical  analyses  it  is  more  convenient  if  the  number  of  c.  c.  or 
half  c.  c,  used  of  the  normal  solution  of  soda  expresses  directly  the  per- 
centage of  hydrated  or  anhydrous  acid  contained  in  the  examined  fluid. 
For  this  purjwKe^  the  ^  or  ^'^  equivalent  number  (H  — 1)  of  grammes 
of  the  anhydrous  or  hydrated  acid,  ai-e  weighed  ofl*  according  as  the 
number*  of  c.  c.  or  half  c,  c,  of  normal  alkali  used,  arc  to  express  the 
.  percentage  of  hydrated  or  anhyflrous  acid  contained  in  the  analyzed 
fluids. 

The  following  are  the  quantities  for  the  more  common  acids : — 


Sulphuric  acid 
Hydrated  sulphuric  acid 
l^^itric  acid 
Hydrated  nitric  acid 
Hydrochloric  acid     * 
Oxalic  acid 

Crystallized  oxalic  acid 
Acetic  acid 
Ifydrated  acetic  acid 
Tartaric  acid     . 
Hydrated  tartaric  acid 


^  Eq,  number 
of  grammes. 
.     4*0 

.  5-4 

•  6-3 

.  3646 

.  3-6 

.  6*3 

.  5*1 

.  6-0 

.  6-6 

.  7-5 


^  Eq.  number 

of  grammes. 

2-00 


But^  as  the  weighing  of  de&iite  small  quantities  would  liardJy  be 
accurate  enough,  it  is  preferable  to  weigh  oft*  the  half  eq.  grm.  of  the 
acids  (i,  e.  *20  or  24^5  grm.  of  Bulphuric  acid,  according  to  whether  it  is 
intended  to  find  the  percentage  of  anhydrous  or  of  hydrated  acid;  18*23 
of  hydrochloric  acid,  dbc.)  in  a  measuring  tlask  holding  500  c.  c,  add 
water  cautiously,*  allow  to  cool  if  necessary,  till  up  with  watcT  to  the 
mark,  shake,  and  then  remove,  by  means  of  the  pipette,  100  or  50  c  c, 
according  to  whether  ^  or  ^  eq.  gruu  acid  is  to  be  used. 

c.  Demotions  from  the  preeeding  meihod  of  Arydy^in, 

€L,  It  is  often  preferred  to  have  the  alkali  of  such  a  strength  that  the 
c  c  or  the  half  c.  c  employed  to  neutralize  a  round  number  of  grm.  or 
c  c,  of  an  aqueous  acid  may  expre^  at  once  the  percentage  of  real  acid. 
For  instance,  if  we  add  20  c.  c,  water  to  1000  c.  c.  normal  f^oda  solution, 
these  1020  c,  c.  will  saturate  51  (1  eq*)  grm,  anhydrous  acetic  acid, 
1000  c.  c.  therefore  saturate  50  grm.  Hanoe  if  we  take  10  grm.  of  vine- 
gar (10  c.  c.  will  do  instead,  as  the  specific  gravity  of  vinegar  scarcely 
diHers  from  that  of  water),  and  add  our  diluted  solution  of  soda  tosatu- 


*  In  the  case  of  oonoentrated  sulphmrio  add,  the  fiaak  must  be  half  full  of 
water  before  the  aoid  is  weighed  into  it 
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ration,  Uie  c.  c  and,  fiTided  by  2,  will  express  the  percentage  of  lahy- 
droua  aci'tic  add  im  ill©  8i>ecimf  n  of  yinegar  examiiied.^ 

0,  If  the  color  of  a  Huiti  conceals  the  change  of  the  diasoWed  cochineal, 
or  if  salts  of  iron  be  present,  we  use  red  litmus  or  turmeric  paper  to  bit 
the  [KJint  of  neutriUization,  L  e,,  we  add  alkali  till  a  strip  of  test  paper 
dipped  in  just  indicated  a  weak  alkaline  reaction.  In  this  case  iBore 
alkali  will  be  employed  th&u  when  cochineal  can  be  used  in  solution, 
and  in  exact  determinations  it  may  be  worth  while  to  rectify  the  error 
by  a  correction.  This  may  be  done  by  taking  a  like  quantity  of  wuter 
and  adding  soda  solution,  tiU  the  fluid  just  gives  a  reaction  on  the  lesl 
paper  in  question,  as  strong  as  was  obtainetl  at  thi^  close  of  the  first  «i- 
j*eiimcut.  The  quantity  of  alkali  used  is  of  course  to  be  deducted  from 
the  quantity  employed  in  the  first  experiment. 

</,  Application  of  tlie  Acidimetric  principle  to  the  deierminaiion  of 

cfnnhin€(l  aeUls, 
The  acidi metric  principle  may  often  be  employed  also  for  the  deter- 
,miination  of  acids  m  combination  with  bases,  if  solution  of  carbcmate  of 
«teda  precipitates  the  latter  completely,  and  in  a  state  of  purity,    Idt 
lai|Mfllracetic  acid  in  iron  mordant,  or  in  verdigris,  may  be  esttniited 
iirwDFlray,  by  the  following  process: — Precipitate  with  a  meamral 
quantity  of  normal  solution  of  carbonate  of  soda  in  excess,  boil,  filter, 
waah,  concentrate  the  filtrate,  add  cochineal  and  normal  acid  to  neu- 
tralization.     Subtract  the  c*  c*  of  standard  acid  used,  from  tlie  cc; 
of  soda  solution  consumed  in  the  experiment :  the  di0erence  expresBts 
the  quantity  of  soda  solution  neutralized  by  the  acid  contained  in  di« 
substance,  in  combination  as  well  as  in  the  free  state*     Of  courts  cor- 
rect results  can  be  expected  only  if  no  basic  salt  has  been  thrown  duwn 
by  the  soda  solution* 

0,  J/eterminaiion  of  ccmlnned  aeid^  by  Gibhu*  method.     See  §  149,  ii^ 

c,  y,  p.  330. 


Modification  of  the  common  Acidiaieteic  Method  (Kmnotf). 

§205, 

Instead  of  estimating  free  acid  by  a  solution  of  soda  of  known  strengti, 
and  determining  the  neutralization  point  by  means  of  cochineal  tmoturs, 
an  ammoniafal  solution  of  oxide  of  copper  may  be  used  for  Hie  pur- 
pose, in  which  case  the  neutralization  point  is  known  by  the  turbiditj 
observed  as  soon  as  the  free  acid  present  is  completely  neutralij^ed.  Th« 
copper  solution  is  prepared  by  adding  to  an  aqueous  solution  of  sulphate 
of  copper,  so  hit  ion  of  ammonia  until  the  precipitate  of  basic  salt  whicb 
forms  at  tirst  is  just  redissolved.  After  determining  the  strength  of  tb« 
solution  by  normal  sulphuric  or  hydrochloric  acid  (not  oxalic), it  maybe 
emploved  for  the  estimation  of  all  the  stronger  acids  (witb  the  exception 
of  oxalic  acid),  provided  the  fluids  are  clear.  The  basic  salt  of  copper, 
in  the  precipitation  of  which  the  linal  reaction  consista,  is  not  inM.»luble 
in  llie  ammonia  salt  formed,  and  i til  solubility  depends  on  the  degree  of 
concentration,  and  on  the  presence  of  other  salts,  espedally  of  ajnmonia 
salts   (Caret  Lea{).      Hence  the  method  cannot  boast  of  scientific 

*  Zeitrchrift  f.  analyt  Chem.  1,  2^^,  f  Aanal  d.  OhenL  n.  Pharm.  99,  38ft. 

t  Chem.  News,  4,  105. 


1 206,]                                   alkalimetry]^               ^         497           ^^H 

TABLE  I.                                                                                          ^H 

Percentages  of  Ahhybrous  Potabaa  corresponclxBg  to  different  spedfio                 ^| 

gravities  of  solution  of  potassa. 

■ 

^ 

Dalt4)n. 

Tiin^nerrmnn  {(tt  W). 

1 

Specific 
gtavity. 

Peroeijtag« 

of  aTihydrouB 

poto^aBft. 

Spedfie 

cavity. 
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of  anhydrouii 

potassa. 

Spedfi 

gravity 

Petoentage 
of  auhydioviA 

potasMk 

\m 

46  7 

1-3300 

28*290 

1  1437 

14145 

152 

42i> 

1-3131 

37  158 

1-1308 

131>13 

^^1 

1-47     1 

89^ 

1-21MW 

26  027 

1  1183 

11-882 

^^1 

1-44 

86-8 

1-2803 

24  805 

1-1019 

10  750 

^^1 

1-42 

84-4 

1  -2648 

23  764 

l-0f»38 

9U19 

^^1 

l^m     1 

82 '4 

1-2493 

2213313 

1  0819 

1          a-487 

^^1 

1-30 

29  4 

1-2342 

21-500 

1-0703 

7855 

^^1 

1^ 

26  8 

l-22«« 

30-935 

1-0.589 

6  234 

^^1 

im 

23-4 

1-2122 

19  803 

11)478 

61)03 

^^^ 

liS3 

19  5 

1-1979 

18-671 

1  -0369 

3^61 

^^M 

MO 

163 

1-1839 

17-540 

1  -0300 

2 -829 

^^H 

115 

i;jo 

1-1702 

16-408 

1-0153 

1697 

^^H 

111 

9-5 

1  1568 

15-377 

1-0O5O 

05658 

^^H 

I'oa 

47 

H 

■ 

TABLE   U. 
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^Percentages  of  Anhybeous  Soda   corresponding  to  diflTerent   specific                ^^ 

gravities  of  aokitioo  of  aoda. 

Dal^n, 

Tunnerrnann  {at  15°). 

Spedilo 

of  anhy- 

drotisfloda. 

Specific 
^avity 

Percentage 
of  auhy* 

Specific 

gmvity. 

Percentage 

of  anby- 
droufl  soda. 

Specific 
gravity. 

Percentage 

of  anhy- 
djona  EHKia 

156 

413 

14285 

30  220 

1  '2983 

30  550 

1  1538 

10-275 

1-50 

36-8 

1  "4193 

29-616 

1-3913 

19-945 

1-1428 

91i70 

1'47 

34  0 

14101 

29-011 

1  3843 

19:mi 

M830 

9  066 

^^1 

1*44 

310 

1  4011 

38  407 

1  -2775 

18730 

1  1233 

8-463 

^^H 

1  40 

291) 

18923 

27-803 

1-2708 

18-133 

11137 

7-857 

■ 

1-86 

26*0 
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I  2642 
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1-1042 

7-353 

1-32 
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26  594 

1  257H  ' 
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1  0948 

6-648 

^^H 

\n 

19  (1 

1-3668 

25-989 

I  3ril5 

16319 

1  •oa'io 

61H4 

■ 

123 

ICO 

1-3586 

25  385 

1  2453 

15714 

11>764 

5440 

1  18 

130 

1*3505 

34780 

112393 

16*110 

1  0675 

4-885 

1 

113 

90 

13426 

24176 

12280 

14-506 

1  0587 

4-231 

M 

1    1^ 

47 

13349 

23  572 

1  -2178 

13^01 

l-a500 

8^36 

H 

13373 

221>67 

l'2a^8 

13-397 

10414 

8Dd3 

18198 

23  363 

1  1948 

13iS93 
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3  418 

^^B 

1*3143 

21-894     |M84l 

12-088 

10246 
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1 

13125 

31758        117^4 

11484 

10163 

1-309     1 

1 

1*3053 

21154        11630 

10-879 

I -0061 

0*604 

J 

32 

J 

^^49^^^^^^^ 
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M           Feroentaget  of  AioioiriA 

(N  B^)  eorresponding  to  i 

ii^fereiit  iptiy^l 

gravities  of  solution  of  ammonia  at  16"^  (J.  Otto), 
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^1 
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^H 
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^^ 
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^1 
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^1 

0^650 
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8*^5 

^M 
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S'SSS 

09785 
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^M 
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^1 

mm^ 
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^1 
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OiM^ 
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^^ 
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Him 
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^^ 
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^1 
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09708 

8  375 

^1 
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09688 
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09778 

5^50 

^1 
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7*d00 

09778 
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^1 

0-9597 

9^75 

09869 

7^78 

09788 

8900 

^M 

i^mm 

0750 

^ 

accuracy,  but  as  the  variations  occasioned  by  the  causes  mentioned  we 
inconsiderable,*  the  process  retains  its  applicability  to  technical  purpoaes, 
for  which,  indeed,  it  was  originally  proposed.  This  method  is  of  especial 
value  in  cases  in  which  free  acid  is  to  be  determined  in  presence  of  a 
neutral  metallic  salt  with  acid  reaction — e.^.,  free  sulphuric  add  in 
mother-liquors  of  sulphate  of  copper  or  sulphate  of  zinc,  Ac.  It  is  advis- 
able to  determine  the  strength  of  the  ammoniacal  copper  solution  anev 
before  every  fresh  series  of  experiments. 


3.  Alkaumktby. 

A.  Estimation  of  Potassa,  Soda,  or  AioioinA,  fbom 
Gravity  of  their  Solutions. 


SPBcmc 


§206. 

In  pure  or  nearly  pure  solutions  of  hydrated  soda  or  potaasa,  or  of 
ammonia,  the  percentage  of  alkali  may  be  estimated  frt>m  the  iqpecific 
gravity  of  the  solution. 

B.  Estimation  of  the  total  Amount  of  Carbonatsd  jjn>  CAUsnc 
Alkau  in  crudb  Soda  and  in  Potashes. 
The  "  soda  ash  '^  of  conmierce  is  a  crude  carbonate  of  soda — ^the 


*^°^pare  my  experiments  on  the  sabjeoi  in  the  Zeitwobrift  1  analyt.  Ghem. 


207.] 


JJ.KALIXETST. 


«M 


**  potashes  '*  and  "  pearlash  '**  a  crude  carbonate  of  potash.  The?  com- 
mercial  value  of  these  articles  depends  on  the  percentage  of  alkaliuo 
carbonate  (or  caustic  alkali)  that  they  coo  tain,  which  ia  very  variable. 


I.  VoLuatETRic  Methods. 
Method  49f  DxBOBOiziLLBS  and  Gay^Lussac,  dighdy  modified, 

§  207. 

The  principle  of  this  method  is  the  converse  of  that  on  which  the 
acidimetric  method  described  §  204,  is  based,  f.<?.,  if  we  know  the  quan- 
tity of  an  acid  of  known  strength,  ref^uired  to  saturate  an  unknown 
quantity  of  caustic  jiotassa  or  soda,  or  of  carbonate  of  potaasa  or  soda, 
w-e  may  readily  calculate  from  this  the  amount  of  alkali  present. 

For  technical  analyses  we  may  employ  the  normal  sulphuric  acid, 
p.  493, 

For  the  analysis  we  may  conveniently  weigh  off  such  a  quantity  of 
the  siibstance  that  the  number  of  c.  c,  of  acid  required  to  neutralize  it 
shall  directly  express  it«  percentage  of  the  alkali  or  carbonate  sought. 

The  proper  quantities  of  the  compounds  of  potassa  and  soda  to  em» 
ploy  are  J^  Eq,  (H  =  1)  expressed  in  grms»,  viz.: — 

Potassa,  K  C  . , _  . , 4*71 1  grm. 

Hydrate  of  potassa,  KG,  HO 5'Gll  " 

Carbonate  of  potassa,  KG,  CO^ frUl  1  « 

Bicarbonate  of  potassa,  KG,  HO,  2  CO^, 10*01 1  « 

Soda,  NaO 3-100  " 

Hydrate  of  soda,  NhOHO...... 4*000  « 

Carbonate  of  soda  (dry)  NuO  C0» , 6*300  '' 

Cr>^stallized  carbonate  of  soda,  NaO  00.^  10  HO 14-300  « 

Bicarboiiate  of  soda,  NaO  HO  2  CO, 8400  « 

With  regard  to  the  examltuUurn  ofpeaHatk  by  this  method^  the  follow- 
ing points  deserve  attention : — 

The  various  sorts  of  potash  of  commerce  contain^  besides  carbonate 
of  (and  caustic)  potassa, 

a,  N^etitral  salt^  (^-ff'i  sulphate  of  potassa,  chloride  of  potassium). 

&.  ASalt*  with  edkaline  reticiion  («.^.|  ailicate  of  potaasa,  phosphate  of 
potassa). 

c.  Admixtures  insoluble  in  wtxter^  more  especially  carl>onate,  phos- 
phate, and  silicate  of  lime. 

The  salts  named  in  a  exercise  no  inHuence  upon  the  results,  but  not 
BO  those  named  in  b  and  c.  Those  in  c  may  be  removed  by  tUtration  ; 
but  the  admixture  of  the  salt**  named  in  b  constitutes  an  irremediable, 
though  slight  source  of  error: — that  is  to  say,  if  it  is  de^ir-ed  to  couline 
the  determination  to  the  caustic  and  carbonated  alkali.  But  as  regards 
the  estimation  of  the  value  of  pearlaiih  for  many  purposes,  the  term 
en-or  cannot  be  applied  ;  as,  for  instance,  in  the  preparation  of  caustic 
potassa,  by  boiling  the  solution  with  lime,  the  alkali  combined  with 
ailicic  acid  and  with  phosphoric  acid  is  converted,  like  the  carbonate, 
into  the  catistic  state. 

1  r  you  are  not  satisfied  with  finding  the  percentage  of  available  alkali^ 
but  desire  also  to  know  whether   the  remainder  comsista  simply  of 
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foreign  salts,  or  whether  water  is  also  present^  the  determiiuition  of  the 
latter  substunce  must  precede  the  alkalimetric  examination.  The  aamo 
remark  lipplies  also  to  soda. 

With  rftjard  to  the  examincUion  of  soda  by  this  method,  the  following 
{loiiits  deserve  attention : — 

The  soda  of  commerce,  prepared  hj  Leblanc^s  method,  contains,  he- 
sides  carbonate  of  soda,  always,  or  at  least  generally,  hydrate  of  soda, 
sulphate  of  soda,  chloride  of  sodium,  silicate  and  aluminate  of  soda,  and 
not  seldom  also  sulphide  of  sodium,  hyposulphite  and  sulphite  of  soda.* 

The  three  last-named  substances  impede  the  process,  and  interfere 
more  or  less  with  the  accuracy  of  the  results,  llieir  presence  is  asoer-' 
tauied  in  the  following  way  : — 

a.  Mix  with  sulphuric  acid ;  a  smell  of  sulphuretted  hydrogen  reyeals 
the  presence  of  sulphide  of  sodium,  with  which  hyposulphite  of  soda  is 
also  invariably  associated. 

6.  Color  dilute  sulphuric  acid  with  a  drop  of  solution  of  permangan- 
ate of  potassa  or  chromate  of  potassa,  and  add  some  of  the  soda  under 
examination,  but  not  sufficient  to  neutralize  the  add.  If  the  solution 
retains  its  color,  this  proves  the  absence  of  both  sulphite  and  hyposul- 
phite of  soda ;  but  if  the  fluid  loses  its  color,  or  turns  green,  as  the  case 
may  be,  one  of  these  salts  is  present. 

c.  Whether  the  reaction  described  in  (  proceeds  from  sulphite  or 
hyposulphite  of  soda,  is  ascertained  by  supersaturating  a  clear  solution 
of  the  sample  under  examination  with  hydrochloric  acid.  If  the  solu- 
tion, after  the  lapse  of  some  time,  becomes  turbid,  owing  to  the  separa- 
tion of  sulphur  (emitting  at  the  same  time  the  odor  of  sulphurous  add), 
this  may  be  regarded  as  a  proof  of  the  presence  of  hyposulphite  of  soda ; 
however,  the  solution  may,  besides  the  hyposulphite,  also  contain  sul- 
phite of  soda.  With  respect  to  the  detection  of  sulphite  of  soda  in  the 
presence  of  hyposulphite,  comp.  "  Qual.  Anal.,"  p.  187. 

The  defects  arising  from  the  presence  of  the  three  compounds  in 
question  may  be  remedied  in  a  measure,  by  igniting  the  weighed  sanple 
of  the  soda  with  chlorate  of  potassa,  before  proceeding  to  saturate  it. 
This  oj>eration  converts  the  sulphide  of  sodium,  hyposulphite  of  soda, 
and  sulphite  of  soda  into  sulphate  of  soda.  But  if  hyposulphite  of  soda 
is  present,  the  process  serves  to  introduce  another  source  of  error,  as 
that  salt,  upon  its  conversion  into  sulphate  of  soda,  decomposes  an 
equivalent  of  carbonate  of  soda,  and  expels  the  carbonic  add  of  the 
latter  [Na  O,  S-A  +  40  (from  the  chlorate  of  potassa)  -f  Na  O,  C0,= 
2  (Na  O,  SO3)  -h  CO,]. 

The  presence  of  silicate  of  soda  and  of  aluminate  of  soda  may  be 
generally  recognized  by  the  separation  of  a  precipitate  as  soon  as  the 
solution  is  saturated  with  acid.  If  you  intend  the  result  to  express  the 
quantity  of  carbonated  and  caustic  alkali  only,  the  presence  of  these 
two  bodies  becomes  a  slight  source  of  error,  but  if  you  wish  to  estimate 
the  value  of  the  soda  for  many  purposes,  no  error  will  be  caused. 

§208. 
Method  of  Fr.  Mohr,  modified. 
Instead  of  estimating  the  alkalies  in  the  direct  way  by  means  of  an 

*  Traces  of  cyanide  of  sodium  are  also  occasionally  found. 
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acid  of  known  strength,  we  may  estimate  tlnBm  alBO,  as  proposed  first  by 
Fr,  Mohr,*  by  RuperKa titrating  with  standard  acid,  expelling  the  car- 
bonic acid  by  boiling,  and  foially  by  determining  by  solution  of  aoda  the 
excess  of  standard  acid  adde<i. 

This  process  gives  very  good  residts,  and  is  therefore  particulaily 
ttuited  for  scientitic  investigations.  It  requires  the  standard  fluids  men- 
tione<l  ill  §  204,  vk.,  a  standard  acid  and  standard  solution  of  soda.  Each 
of  these  fl^iids  is  tilled  into  a  Mqhr's  burette. 

The  process  is  as  follows  : — 

J  Hssolve  the  alkali  in  water,  and  add  a  measured  quantity  of  tincture 
of  cochineal ;  run  in  now  as  much  of  the  normal  acid  as  will  suflice  to 
impai-t  an  orange  tint  to  the  fluid  ;  then  boil,  and  remove  the  last  traces 
of  carbonic  aclii,  by  boiling,  shaking,  blowing  into  the  flask,  and  finally 
sucking  out  the  air. 

Now  add  standai*d  solution  of  soda,  drop  by  drop,  until  the  color  just 
apjiears  %iolet.  There  is  no  difficulty  in  determining  the  exact  point  at 
which  the  reaction  is  completed. 

If  the  standard  solution  of  soda  and  the  normal  acid  are  of  correspond- 
ing strength,  the  number  of  c.  c»  used  of  the  soda  solution  is  simply 
deducted  from  the  number  of  c,  c.  used  of  the  acid.  The  i*emaiiider  ex- 
press*^ the  quantity  of  acid  neutralized  by  the  alkali  in  tlie  examined 
sample.  If  the  two  standard  fluids  are  not  of  corresponding  strength, 
the  excess  of  acid  added,  and  subsequently  neutralized  by  the  s*Kla  solu- 
tion, is  calculated  from  the  known  proportion  the  one  bears  to  the  other. 

If  i\  eq.  nnmber  (H—  1)  of  grammes  have  been  weighed  of  the  alka- 
lies to  be  valued,  of  soda  accordingly,  5*3  grm.,  of  pearhish  tMll  grm,, 
the  number  of  c.  c.  used  of  the  normal  acid  expr<*sses  directly  the  jjer- 
centage  of  carbonate  of  soda  or  carbannte  of  j)otassa  contained  in  the 
examined  sample;  since  l(lO  c.  c,  of  the  normal  acid,  containing  |\y  eq. 
gruu  aeid  ^^ill  just  suflice  to  neutralize  J^  eq,  gnn.  pure  carbonate  of  soda 

'  carbonate  of  potaiwa.f    If  any  other  quantities  of  the  alkidles  have  been 

eighed  oJi^  a  simple  calculation  wiE  give  the  restdt  in  the  desired 
form. 

To  make  this  simple  adculation  quite  clear  for  all  possible  cased, 
I  select  one  of  the  most  cumi»licated  kind,  proceeding  ujM»n  the  supposi- 
tion that  the  soda  solution  is  not  of  corresponding  strength  with  the 
normal  ttcid,  but  that  2'2  c.  c,  of  the  soda  solution  neutralize  1  c,  c,  of 
lie  acid  ;  antl  that  instead  of  j\  eq,  gna,,  3*7 1  grm.  of  pearlaah  have 

en  weighe<l  ofl; 

The  quantity  of  acid  added  was  48  c.  c. ;  the  excess  required  4*3  c.  o, 
"  soda  solution  for  neutralization.     The  proportion 

2*2:  1  ::  4-3:  as;  a;=:l*95 

sbowB  that  the  excess  of  acid  waal'95  c,  c, ;  48  — 1*95  4fi05  c,  c.  of  the 
acid  have  accordingly  been  consumed  by  the  pearlaah.     The  proportion 

3*71  :  4605  : :  C'91  {^\  eq.  KO,  CO,)  :  x\  flc=85-77 

ehows  that  the  examined  |»earlash  contains  85*77  per  cent,  of  the  pure 
carbonate. 

With  regard  to  ceitain  variations  from  the  ordinary  course  whicb  are 
occasioually  convenient,  comp.  p,  4S>5. 


•  AnnaL  d.  Ohem.  u.  Pharm.  80,  129. 
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Tliere  nov  still  remain  two  questions  to  be  considered,  whidi  are  of 
importttnoe  for  the  estimatioji  of  the  commercial  value  of  potash  and  sods. 
The  first  oonoems  tlie  separate  dateimiiiation  of  the  caustic  alknii^  which 
the  sample  under  examinatiotn  maj  contain  besides  the  carbonate ;  thfs 
second,  the  detenninatioii  of  carbonate  of  soda  in  presence  of  carbonaU) 
of  potsaaa. 

C.  DVTEBlUarATIOH  OF  THK  CaUSTIC  A  IJtALl  WHICH  COMMKBCUL 
AliKAU  MAT  COTSTTAIS  BESIDE  THE  CARBONATE. 

Manj  kinds  of  potashes  and  crude  soda,  more  especially  the  latter, 
oontain,  besides  alkaline  carbonate,  also  caustic  alkali ;  and  the  chem- 
ist is  often  called  upon  to  determine  the  amount  of  the  latter  ;  as  it  ts^ 
for  instance,  by  no  means  a  matter  of  inditference  to  the  8oa|)-bctiler 
how  mudi  of  tiie  soda  is  supplied  to  him  already  in  the  caustic  state* 
This  may  be  efieoted  as  follows : 

Wei^  off  T^  eq.  gnn.  substance ;  of  potashes  accordingly,  20*73  gnu., 
of  soda  15'9  grm. ;  dissolve  in  water,  in  a  flask  holding  300  c.  c,  611  up 
to  the  mark,  shake,  allow  the  fluid  to  deposit  out  of  contact  of  sir,  and 
take  out  two  portions  of  100  c.  c  each.     Detemiiue  in  the  one  portiou 
the  total  quantity  of  the  carbonated  and  caustic  alkali,  as  dir^ted  | 
208 ;  the  number  of  c,  c,  of  normal  acid  used  exju-esses  the  amount  of 
caustic  alkali -f- alkaline  carbonate,  in  per-centj*.  of  the  latter.      Transfer 
the  other  portion  to  a  measuring-tiask  holding  3U0  c.  c,  add  100  c.  c.  of 
water,  then  solution  of  chloride  of  barium  as  long  as  a  precipitate  forms, 
add  water  up  to  the  mark,  shake,  allow  to  deposit  out  of  contact  of  air,* 
measure  off  100  c.  c  of  the  supernatant  clear  fluid — which  now  contains  i 
caustic  l>aryta  in  corresponding  quantity  to  the  caustic  alkali  present  in 
the  sample — add  some  tincture  of  cochineal,  then  normal  fiitric  atid  (»es 
§  210),  to  acid  reaction.     Neutralize  the  excess  of  acid  by  normal  solu- 
ticax  of  soda,  and  you  will  find  the  c.  c.  of  normal  acid  that  have  b«^n  rf»-  j 
quired  by  the  caustic  baryta.     Multiply  this  by  3  (as  only  ^  of  the  &e43-  j 
ond  portion  has  been  employed  in  the  experiment)  ;  the  result  gives  the! 
percentage  of  caustic  alkali,  expressed  as  earljoimte  of  soda  or  potass**  1 
Deduct  this  number  from  tlie  percentage  obtained  in  the  first  exp^'ri- ' 
ment ;  the  diflerenee  gives  the  quantity  of  carbonate  of  potaasa  or  soda 
present  as  such.     To  calculate  the  caustic  alkali  into  the  anhydi-ous  or 
hydrated  state,  it  is  only  necessary  to  multiply  by  the  numbers  given  in 
the  first  method. 

D.  Estimation  op  Cabbonate  of  Soda  m  presence  op  OabbonatsI 
OF  Potassa. 

Boda  l»eing  much  cheaper  tbau  potash,  is  occasionally  used  to  adultiv-. 
ate  the  latter.     The  common  alkaliuietric  metiiods  not  only  fail  to 
tect  this  adulteration,  but  they  give  the  atlmixed  soda  as  carbonates  \ 
potassa.      Many  processesf  have  been  proposed  for  estimating  in 
pie  way  the  soda  contained  in  |>otash,  but  not  one  of  tliem  can  be  \ 
to  satisfy  tlie  requirements  of  the  case. 


*  Filtering  throug^h  a  dry  filter  causes  the  caustic  alkali  to  oome  out  rather  toe 
low,  ^  the  paper  retains  caustic  baryta  {A.  MiilleT,  Joura.  1  prakt  Chem,  8X  j 
3»4;  ZcitBchriftf  analyt.  Chem.  1,  84). 

t  Comp.  Handworterbuch  der  Chemie,  S  Aufl,  L  443. 
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The  following  tolerably  expeditious  process,  however,  gives  accurate 
restilt^i: — Dissolve  6*25  grm.  of  the  gently  ignited  pearlash  in  water, 
filter  the  solution  into  a  quarter-litre  flask,  add  acetic  acid  in  slight  ex- 
oeaa,  apply  a  gentle  heat  tmtil  the  carbonic  acid  is  expelled,  then  add  to 
tlie  fluid^  while  atill  hot^  acetate  of  lead,  drop  by  drojj,  until  the  forma- 
tion of  a  preci[)itate  of  sulphate  of  lead  jit^t  ceases  ;  allow  the  mixture 
to  cool,  add  water  up  to  the  mark,  shake,  allow  to  deposit,  filter  through 
a  dry  filter,  and  transfer  200  c.  c,  of  the  liltnit^^,  corresponding  to  5  gnn. 
of  p«arlasli,  to  a  {-litre  flask.  Add  sul[>hit retted  hydrogen  water  up  to 
the  mark,  and  shako.  If  the  acetate  of  le4ul  has  been  carufully  added, 
the  fluid  will  now  smell  of  aulphuretttHi  hydrogen,  and  no  longer  con- 
tain lead  ;  in  the  contrary  case,  sul[)huretted  hydrogen  gas  must  be  con- 
dnetetl  into  it.  Aft^r  the  sulphide  of  lead  ha8  subhided,  filter  through 
a  dry  filter.  Evaporate  50  c.  c,  of  the  iilti'at^  (corresponding  to  1  grin, 
of  pearlash)  with  addition  of  10  c*  c.  hydrochloric  acid,  of  140  sp.  gr., 
in  a  weighed  platinum  dish,  to  diyness,  then  cover  the  dish,  heat,  and 
weigh ;  the  weight  found  expresses  the  total  quantity  of  chloride  of 
potaasium  and  chloride  of  sodium  given  by  1  giin.  of  the  pear  lash. 
Estimate  the  potassa  and  soda  now  severally  in  the  indirect  way,  by 
determining  the  chlorine  volumetrically  (§  141,  I.,  b).  For  the  calcu- 
lation of  the  results,  see  §  197. 

4.  EsTiiUTioK  OF  Alkaline  Earths  by  the  Alkalistethic  Method. 

§210. 

Alkaline  earths,  in  the  caustic  stiite  or  in  the  form  of  carbonates, 
may  also  be  estimated  by  means  of  a  standard  acid,  St^ndanl  sul- 
phuric acid  may  l>e  used  for  the  estimation  of  magnesia ;  standard  nitric 
acid  for  that  of  baryta^  strontia,  and  lime.  To  prepam  1  litre  of  normal 
nitric  acid  you  require  a  pure  ilihite  nitric  iwid  of  nbout  r04  sp.  gr., 
and  ahio  a  nonnal  soda  sohitiou  (or  at  le&jst  a  soda  solution  whoae  re- 
lation to  normal  suljihuric  acid  is  exactly  known). 

Fill  a  Hour's  burette  with  the  nitric  acid,  mf^asure  off  20  c.  c. ; 
ftlor  with  tincture  of  cochineal  and  add  noiTual  solution  of  soda  from 
'second  bur«^tte  to  alkaline  reaction.  Hepeat  the  exjjeiiment.  Sup- 
pose 20  c.  c.  of  the  acid  have  i'er|uired  24  c,  c.  of  nonnal  soda  solution, 
add  to  eyery  20  volumt-s  of  the  acid  4  volumes  of  water.  For  the  pro- 
I*er  way  of  effecting  the  dilution,  see  p.  493  (Pi^paration  of  Normal  SuU 
phuric  Acid).  After  diluting,  measiure  off  20  c.  c,  and  neutralize  with 
the  normal  solution  of  sotla,  of  which  it  must  now  take  exactly  20  c.  c. 

It  will  be  well  to  verify  the  normal  nitric  acid  in  the  manner  direct- 
ed, p.  492. 

If  the  alkaline  earth  to  be  estimated  is  in  the  caustic  state,  weigh  off  a 
definitii  quantity,  add  water,  then,  from  a  burette  nonnal  nitric  acrid, 
until  solution  is  effected,  and  the  lluid,  colore^l  with  cochineul,  appejirs 
orange;  now  add  soda  solution  until  the  color  just  changes  to  violwt ; 
deduct  the  soda  solution  added  from  the  acid,  and  calculate  by  the  pro- 
portion 

1000  (e.  c.)  :  the  number  of  c.  c.  of  add  used 


76*5  (eq.  baryta),  51-75  (eq.  strontia),  28  (eq.  lime)  or  20  (eq,  magnesia) 
;  X  (grm,  of  baryta,  strontia,  lime,  or  magnesia). 


SFEC^AL  FASf.  [§  flit 

Sliould  the}^  be  a  &iliire  the  anst  time  in  det«rmuiiiig  tJus  exact  pwt 
Ki  wkicb  Uie  HuidA  ttim  viobt,  iidd  aiiothei-  c.  e«  of  tbe  aod,  ASii  tbm 
agikiii  Aulution  of  eoda  uuiil  \iolet. 

In  the  case  of  carV^ooaieB  of  the  Alk&liiie  eaxthft,  h«at  a  wca^iad  qfin^ 
tilT  of  the  sample,  in  a  flufik,  with  water ;  then  add^  from  tli@  b«iW<tis 
souill  jKirdoti*  of  normal  nitric  acdd*  When  solution  ia  eff^rted  and 
the  acid  ia  cooM^juently  in  excass,  add  tinctufe  of  opcliliie«l,  thmk  nor* 
uwl  aoda  aolution,  till  only  a  small  exoesa  of  acid  ygniaimi,  mj  ^  ur  t 
e.  ££»  Heat  to  bailing,  bhake  the  li^uid^  and  cobtiiine  bolHt^  for  aoOit 
minutes^  to  ejcpel  the  carbonic  acid  completely  from  the  fluid  4ad  MmIi; 
Enallj  add  Boda  until  juMt  violet.  1000  c*  c.  of  th^  uurmil  msM  mn%- 
Bptmi  to  llB'5  grm.  carbonate  of  barjta,  7S-T5  grm.  oulKMtftto  «l  iMQp 
iim^  dO  grm,  carbonate  of  lime,  or  42  gruL.  carbonate  of  lBi|PilMU 

By  weighing  off  the  ^  or  ^  ei|.  (H^l)  grm,  of  tbe  caiifltic  nr  om^ 
bonated  alkaline  eartba,  tht?  necemdtj  of  a  ciiculation  of  the  reenlta  i« 
aiiotfetiier  dispensed  with ;  in  tb<?  former  csae,  the  number  of  c.  <l«  m 
Ihm  fanner  that  of  half  e.  c.  used  ^f  the  normal  add,  espreasea  the  jvi- 
eHllM&  reqnir&d* 

§  21L 

The  **  cHoride  of  lime,**  or  **  blearing  powder  **  of  commeree,  mn-^ 
JMiM  hypochlorite  of  lime,  i^oride  of  ealcium^  and  hydrate  of  Hma 
Hie  tnro  laller  ini^redients  are  for  the  most  part  oombined  with  one 
ftao^Mr  to  bttdc  chloride  of  calcittm.  In  iriashiy  pr9par«d  and  peTfecfcl^ 
ttotmid  chloride  of  lime,  the  quantities  of  hypochlorite  of  lime  and 
dlloride  of  calcium  present  stand  to  each  other  m  the  proportion  ^ 
their  equivalents.  When  such  chloride  of  lime  ia  brougbt  into  c^ntorl 
with  dilute  sulphuric  acid,  the  whole  of  the  chlorine  it  contains  is 
liberated  in  the  elementary  form,  in  accordance  widi  the  following 
equation : — 

Ca  O,  CI  O  +  Ca  01  +  2  (H  O,  S  0,)=2  (Ca  O,  S  0,)-|-2  H  0+2  a 
On  keeping  chloride  of  lime,  however,  the  proportion  between  hypo- 
chlorite of  lime  and  chloride  of  calcium  gradually  changes — ^tiie  former 
decreases,  the  latter  increases.  Hence  from  this  cause  alone,  to  say 
nothing  of  original  difiference,  the  conmierdal  article  is  not  of  nnifonn 
quality,  and  on  treatment  with  acid  gives  sometimes  more  and  sometinies 
less  chlorine. 

As  the  value  of  this  article  depends  entirely  upon  the  amount  of 
chlorine  set  free  on  treatment  with  acid,  chemists  have  devised  various 
simple  methods  of  determining  the  available  amount  of  chlorine  in  any 
given  sample.  These  methods  haye  collectively  received  the  name  of 
Chlorimetry.     We  describe  a  few  of  the  best. 

Prepa&atiok  of  the  SoLUTioy  OF  Chlojltdk  of  LllOL 

The  solution  is  prepared  alike  for  all  methods,  and  best  in  the  follow- 
ing manner : — 

Weigh  off  10  grm.,  triturate  finely  with  a  little  water,  add  gradually 
more  water,  pour  the  liquid  into  a  litre  flask,  triturate  the  resLdue 
again  with  water,  aiid  rinse  the  contents  of  the  mortar  carefollj  into 


8  212.] 


CHLOBIMETRT. 


505 


the  flaak ;  fill  the  latter  to  the  m&rk,  shiike  the  milky  fluid,  and  ex- 
amine it  at  once  in  that  state,  i.c^  without  allowing  it  to  deposit ;  and 
every  time,  before  meaauiing  €»ff  a  fresh  portion,  shake  again.  The  re* 
suits  obtained  with  this  turbid  solution  are  much  more  constant  and  cor* 
rect  than  when,  aa  is  usually  recommended,  the  fluid  ia  allowed  to  de- 
posit, and  the  experiment  is  made  with  the  8wi>ernatant  clear  portion 
alone.  The  truth  of  this  may  readily  be  }irovtHl  by  nmking  two  sepa- 
rate experiments,  one  with  the  decanted  clear  fluid,  and  the  other  with 
the  residuary  turbid  mixture.  Thus,  for  instJiuce,  in  an  expeiiment 
made  in  ray  own  laboratory,  the  decanted  clear  fl\iid  gave  22*6  of 
chlorine,  the  reiiiduary  mixture  25*0,  the  uniformly  mixed  turbid  solu- 
tion 24*5. 

I  c  c.  of  the  solution  of  chloride  of  lime  so  prepared  oorrespondg  to 
0*01  gnxL  chloride  of  lime. 


A.   Feitot'b  Method.'^ 

§212. 

Tliift  method  is  based  upon  the  conversion  of  arsenious  acid  into 
arsenic  acid ;  the  convei'sion  is  effected  in  an  alkaline  solution.  Iodide 
of  jx>tassium -starch  paper  ia  employed  to  ascertain  the  exact  point  when 
the  reaction  ia  completed. 

a.  PrepanUwa  of  the  loduh  of  Potasdum- Starch  Paper, 
The  following  method  is  preferable  to  the  original  one  given  by  Pe- 

_  ^  Stir  3  grm*  of  potato  starch  in  250  c.  c.  of  cold  water,  boil  with 
Btining,  add  a  solution  of  1  gnn.  iodide  of  potassium  and  1  grm. 
crystallized  carbonate  of  soda,  and  dilute  to  500  c.  c.  Moisten  strips 
of  dne  white  unsized  paper  with  this  fluid,  and  dry.  Keep  in  a  closed 
bottle. 

h,  PreparcUion  of  the  SoltUion  of  Areenious  Acid, 

Diaaolve  4'4S6  grai.  of  pure  arsenious  acid  and  13  grm.  pure  crystal- 
lized carbonate  of  soda  in  500^700  c*  c.  water,  with  the  aid  of  heat, 
let  the  solution  cool,  and  then  dilute  to  1  litre.  Each  c.  c.  of  this  solu- 
tion contains  O*()044*i(j  grm.  arHtnious  acid  which  corresponds  to  1  c,  c. 
chlorine  gas  of  O'*  and  TliO  niuu  atmosjdieric  pressure. f 

As  arsenite  of  soda  in  alkaline  solution  is  liable,  when  exposed  to 
I  of  air,  to  be  gradually  converted  into  arseniate  of  soda,  Penot's 
Dlutiou  should  be  kept  in  srmdl  bottles  with  glass  stoppers,  filled  to  the 
top,   and    a    fresh    bottle  used    for   every  new  series  of  experiments* 


•  Bulletin  de  la  Sociute  InduHtrieUe  de  Mulhouse,  1853,  No.  118. — Dingler^B 
PolytedL  Jourual,  127,  134. 

f  Peoot  give«  the  quantity  of  uwaknu  acid  ta  4  44  ;  but  I  have  oorrect-ed  thia 
nnmher  to  4 '436,  in  aceoidanoe  with  th©  now  reoeived  equivalent*  of  the  «nb- 
utances  and  specific  gravity  of  tihloriBe  gas — after  the  following  pmportion:  — 
TQUtZ  (^eq.  chlorine)  i  99  i\  eq.  AsO,)  ::3177(S^{  (weight  of  1  litre  of  chlorine  gmai) 
:  x;  ;r-=4  436^  i.e,  the  quantity  of  arsenious  acid  which  1  litre  of  chlorine  gaa 
oonTertD  into  arHenio  acid. 

Thiii  solution  ia  arranged  to  »tuit  the  tondgn  method  of  de&ignating  the  strength 
of  chloride  of  lime — vii.,  in  chJoriiuctrictLl  dt*j.»Teea  reiicb  degree  represents  1  Utrd 
fshlozine  gaa  at  Q'  and  7(>0  mm.  piesaure  in  a  kilogramme  of  the  subetanoe).    Thia 
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Aooording  to  Fr.  Moim*  the  solution  keeps  unchangenl,  if  tlie  wrm- 
niatii  aoid  uud  the  carbonate  of  BcKla  are  bcpth  ahmlnitly  irm  frnm 
Oiddixabk  HU4tt«rs  (siilpldde  of  arBenic,  sulphide  of  Bodiunij  snlphite  of 

Mmaure  oft;  with  a  pipette,  60  e,  c.  of  the  Solution  of  chloride  of 
limo  prwpan'fd  ai*cording  to  the  directions  of  §  211,  transfer  to  n  U?aikiir, 
usd  frt>m  Si  »'>()  o,  c.  burette^  add,  slowlvj  and  at  last  drop  by  drop,  tin 
iolttiiou  of  arHfuioiis  acid,  with  constant  stirring,  until  a  drop  of  tlw 
loLxlurfi  prodiict*8  no  longt^r  a  blue-colored  si>ot  on  the  iodir^ed  paper; 
it  iJi  viiry  *Muiy  to  hit  the  point  exactly,  as  the  gradually  ixicrt!iaiing 
ftiinLiio«m  of  the  blue  apota  made  on  the  pa}ier  by  the  fluid  drt>i»pcd  ciq 
i%  imliGAtaa  the  approaching  teimination  of  the  reaction,  and  ^anui  tin 
opfir&tor  to  eonfine  the  further  addition  of  the  Bolution  of  ar»fem(iQA 
ftcdd  to  a  aingle  dro]}  at  a  time^  The  number  of  \  e.  c.  uihhI  iiidi<  '^ 
directiy  the  tiumber  of  chlorimetricaJ  degrees  (sef*  note)^  a»  the  fol 
11^  cmlddation  ahowa :  suppone  you  have  itjsed  40  c*  a  of  iiolution 
fttmaioufl  acid,  thtm  the  quantity  of  chloride  of  lime  used  in  the  expert 
DMmt  ooiitain»  40  c.  c.  of  cblorkka  ga&  Now,  tbo  50  c.  c  of  solntiQiu 
employtnl  L»om«|»oud  to  0'5  grm.  of  diloride  of  liiae;  tlierefore  0*5 
grm.  of  chloridtf  of  lime  contaiii  40  c.  c.  chlorine  gB%  therefore  1000 
gma*  oojitwi  8CMJ0O  c,  c.^  BO  litres.  Thia  method  gives  very  ^^sms^M^ 
wid  aeciat&te  reauka,  and  appears  to  be  particularly  well  suited  for  tiM 
ift  flDaiitifSictoei^g  t^abUaha^ts  where  there  is  no  objection^  mi.  the 
mB/as%  ^4MSgBt^  ^  l&d  cmplqyineait  of  anenioufl  &cid«    (Erpt.  No.  W.) 

^  Otto's  JfdAadL 

§213. 

The  principle  of  this  method  is  as  follows : — 

Two  eq.  protosulphate  of  iron,  when  brou^t  into  contact  with  dilo- 
rine,  in  presence  of  water  and  free  isulphuric  add,  give  I  eq.  aes- 
quisulphate  of  iron,  and  1  eq.  H  CI,  tie  process  consuming  1  eq. 
dilorine. 

2  (Fe  O,  S  0,)4-S  0,4-H  0  +  CL=Fe. O^  3  S  0,+H  CL 
2  eq.  ciystallized  protosulphate  of  iron : — 

2  (Fe  O,  S  O^  H  04-6  •q.)=278 
correffpond  to  35-46  of  chlorine,  or,  in  other  teima,  0*7839  grm.  ciystal- 
liaed  )u\>tosuI]^ihate  of  iron  correspond  to  O'l  grm.  chlorine. 

Tlw  protoc$ul|^te  of  iron  required  for  tli€9e  experiments  is  best  pre- 
pare as  £>Uows : — 

Tdk«  inm  nails^  finee  from  rust,  and  dissolre  in  dilute  solpliimc  waA^ 
a|>^>lYing  heat  in  the  last  stage  of  the  operation ;   filter  die  aohitioB, 

■M^hod  WM  ]««pQscd  by  GajLossaa     The  d«TC«8  may  nmdSBtj be  eamrfxted 
u»K>  p«r^?«»lB^  Mid  fwv  r«r9kt  thus:-A  aaBple  of  cklonde  of  Imaeaf  90°  < 
»l^v;$ir^»=:^9^9^gnL  chlonne  m  lOOD  gna.  or  88-59  in  108 ; 

«wa«a  1«  IS  HkTCQi  cAJoriMu 


still  hot,  into  about  twice  its  volume  of  spirit  of  wiae. 
ooDsistfl  of 

Fe  O,  SOa+HO  +  S  aq. 

Collect  tipon  a  filter,  wash  with  ajnrit  of  wine,  spread  upon  a  flkeet 
of  blotting  paper,  and  dry  in  tlie  air.  Wben  the  mass  srnelh  no  longer 
of  spirit  of  wine,  transfer  to  a  bottle  and  keep  tlm  well  corked,  In- 
Btead  of  protosnlphate  of  iron,  sulphat-e  of  protoxide  of  iron  and  ammo- 
nia (p.  93)  may  W  used.  01  grni,  of  chlorme  oxidizes  1'1055  grm*  of 
I     tJm  double  stxlphate. 

^HrDissolve  3*135*5  grm.  (4  x '07839  grm.)  of  the  precipitated  protosul- 
^^^late  of  iron,  or  4'422  pna,  (4  X  1*1055  grm,)  of  sulphate  of  protoxide  of 
iron  and  ammonia,  with  addition  of  a  few  drops  of  dilute  sulj>hunc 
acid^  in  water,  to  200  c,  c, ;  tako  out,  with  a  pijiett^^  50  c-  c.,  corre- 
Sljonding  to  0*7839  grm.  protosulphate  of  iron,  or  I '1055  grru.  sulphate 
of  pixitoxide  of  iron  and  ammonia,  tlilyt-e  with  150 — 300  c.  c.  water, 
add  a  sufficiency  of  pure  hyiirucliluric  acid,  and  om  iu  from  a  50  c,  c. 
buret fce  the  freshly  shaken  »olution  of  chloride  of  lime,  prepai-ed  accord- 
ing to  §  211,  until  the  protoxide  of  iron  is  completely  converted  into 
sesquioxide.  To  know  the  exact  point  when  the  oxidation  is  complett?d, 
place  a  number  of  drops  of  a  solution  of  ferrieyaiiide  of  potadsium  on  a 
plate,  and,  when  tlie  oj>enition  is  drawing  to  an  f  ud,  apply  some  of  the 
mixture  with  a  stirring-rod  to  ono  of  the  drops  on  the  plate,  luid  observe 
whether  it  produces  a  blue  precipitate ;  repeat  thtt  experiment  aflor 
eveiy  fresh  addition  of  two  drops  of  the  Rolution  of  choride  of  lime. 
When  the  mixture  no  longer  produces  a  blue  [>recii)itate  in  the  solution 
of  ferricyanide  of  pot-a&aium  on  the  i>late,  read  off  the  number  of  volumes* 
used  of  the  solution  of  chloride  of  little. 

The  amount  of  solution  of  chloride  of  lime  used  contained  O'l  grm. 
of  chlorine.  Suppose  40  c,  c.  have  been  used :  as  every  c.  c.  cori'e- 
sponds  to  O'Ol  grm.  of  chloride  of  lime,  the  percentage  by  weight  of 
available  chlorine  in  the  chloride  of  lime  is  found  by  the  following  pro- 
portion : — 

0-40  :  0-10::  lOO :  a?;  x=^25; 

or,  by  dividing  1000  by  the  number  of  c,  c.  used  of  the  solution  of  chlo- 
ride of  lime. 

This  method  also  gives  very  satisfactory  results,  provided  always 
that  the  salts  of  protoxide  of  iron  are  perfectly  dry  and  free  from  aes- 
quioxide, 

MoJijlcatUm  of  the  preceding  Method, 

Instea<l  of  the  solution  of  protosulphate  of  iron,  a  solution  of  proto- 
chloride  of  iron,  pix»[jared  by  dissolving  piai>«>fr>rte  wij^e  in  hydrochloric 
acid  (according  to  p.  IIH,  ««),  may  be  used  with  the  beat  results.  If 
0-6316  of  pui^  metallic  iron,  Le.^  d'G335  of  tine  i>iauoforte  wire  (which 
may  be  aasimied  to  contain  1)0*7  per  cent,  of  iron),  are  dissolved  to  L'OO 
c.  c.,  the  solution  so  pre] wired  contains  exactly  the  same  amount  of  iron 
aa  the  solution  of  protosul|ihate  above  mentioned — that  is  to  say,  60 
c.  c.  of  it  com*spimd  to  01  grm.  chlorine.  But  as  it  is  inconvenient  to 
weigh  off  a  definite  quantity  of  iron  wire,  the  following  course  may  be 
pursued  in  preference:  weigh  off,  accurately,  about  0*15  grm.,  dissolve, 


'i 


dilot«  the  aohition  to  about  200  c.  c,,  oxuUjm^  the  Irou  witli  t^e  mAuIwu 
of  eliloride  of  iime,  prepared  acH^ordiug  Uj  the  directioiis  of  §  2U,  juiii 
calculate  the  chlorine  by  tlie  proportion 

56  :  S5'46  : :  the  quautitj  of  iron  used  :  £  / 
tbf?  Jf  found  correspouda  to  the  chlorine  contained  in  the&rooimt  us^of 
the  solution  of  chloride  of  lime.     This  caJeulation  maj  be  dispensed  with 
hj  the  apjiHcatiou  of  the  following  formula,  in  which  the  <»rbcin  m  th* 
piiuiofortt*  wire  is  taken  iiit4>  accouiU  :^ 

Midtiply  the  weight  of  the  piAnof4>rte  wire  bj  6S13,  mud  divide  the 
product  by  the  number  of  c,  c,  used  of  the  sobtiouof  chloride  of  lime: 
tlie  KBult  expresses  the  percentage  of  chlorine  by  weights 

Thia  method  gives  very  good  rraulta.  I  have  deaciibed  it  hete  pri*^ 
eipally  bix-uuee  it  dispe^naes  altogether  with  the  use  of  standard  fiuida.  It 
m  therefor©  particidarly  well  adapted  for  occasioiial  examinatioos  ef 
flatnplaa  of  diilorido  of  lime,  and  also  by  %-siy  of  eontroL     (Bee  Ei|(t 

Ko.  y9.) 

C*  Buksek's  Method. 

Four  10  c.  Ci  of  the  Bolutioii  of  chloride  of  lime,  prepaid  acc^rdii^  to 
the  directions  of  |  211  (containiiig  0*1  chloride  of  lime),  into  a  bette, 
ajud  atid  about  6  c,  c  of  the  solution  of  iodide  of  |xit&gsiuin,  prejiwtd 
aeoordiug  to  p.  314,  a  (cont-aimng  0-G  KI);  dilut*r  the  mixture  with  abtiiit 
1(H>  c,  c»  water,  acidify  with  hydroddoric  i*cid,  and  dctarmm©  the  hbei*- 
ted  iiKline  oa  directed  §  1  i6^  As  1  eq.  iodine  corresponds  to  1  et|.  chlo- 
Htie^  the  calculation  is  easy.  This  method  gives  e^eelleiit  resultat  |  Com- 
pare Expt.  No,  99,) 

6.  Examination  of  Black  Oxide  of  Makganssb. 
§214. 

The  native  black  oxide  of  manganese  (as  also  the  regenerated  artifi- 
cial product)  is  a  mixture  of  binoxide  of  manganese  with  lower  oxides 
of  that  metal,  and  with  sesquioxide  of  iron,  clay,  &c. ;  it  also  invariably 
contains  moisture^  and  frequently  chemically  combined  water.  The  com- 
mercial value  of  the  article  depends  entirely  upon  the  amount  of  binoxide 
(or,  more  correctly  expressed,  of  available  oxygen)  which  it  contains. 
By  "  available  oxygen  "  we  understand  the  excess  of  oxygen  contained 
in  a  manganese,  over  the  1  eq.  combined  with  the  metal  to  protoxide ; 
upon  treating  the  ore  with  hydrochloric  add,  an  amount  of  chlorine  is 
obtained  equivalent  to  this  excess  of  oxygen.  This  available  oxygrai  is 
always  expressed  in  the  form  of  binoxide  of  manganese.  1  eq.  corre- 
sponds to  1  eq.  binoxide  of  manganese,  since  MnOr=Mn04-0. 

I.  Drtixo  the  Sample. 

AU  analyses  of  manganese  proceed  of  course  upon  the  supposition  that 
the  sample  operated  upon  is  a  fair  average  specimen  of  the  ore.  A  portion 
of  a  tolerably  finely  powdered  average  sample  is  generally  sent  for  analysis 
to  the  chemist ;  in  the  case  of  new  lodes,  howevor,  a  number  of  aampleB^ 
taken  from  different  parts  of  the  mine,  are  alao  occasionally  sent,  lij  in 
the  latter  case,  the  average  composition  of  the  ore  is  to  be  ascertained,  and 
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not  aiinply  that  of  the  several  samples,  the  following  course  must  be 
resorted  to  :  crush  the  several  samples  of  the  ore  in  an  iron  motirar 
to  coarse  powder,  and  pasa  the  whole  of  this  through  a  nither  coarse  sieve. 
Mix  uniformly,  then  remove  a  sufficiently  large  portion  of  the  coai^s© 
powder  with  a  spooUj  reduce  it  to  powder  in  a  steel  mortar,  passing  the 
w^hole  of  this  through  a  fine  sieve.  Mix  the  powder  obtained  by  this 
second  process  of  pulverizatioE  most  intimately;  take  about  8 — 10  grm. 
of  it,  and  triturate  this,  in  small  portions  at  a  tinje,  in  an  agate  inortarj  to 
an  impalfmble  powder.  Average  samples  are  generally  already  suffici- 
ently ftne  to  reqinre  only  the  last  operation. 

As  reganla  the  tenipi^rature  at  which  the  powder  is  to  be  dried,  if  you 
desire  to  expel  the  whole  of  the  moistui-e  without  disturbing  any  of  the 
water  of  hydration,  the  temperature  adopted  must  be  120^  {this  is  the 
I'esult  of  my  own  experiments,  see  Expt.  No.  100),  But,  as  tliere  ap- 
|>ear8  to  be  at  present  an  almost  universal  understanding  in  the  manga- 
nese trade,  to  limit  the  drying  temperature  to  100^,  the  fine  powder  is 
exposed,  in  a  shallow  copjier  or  brass  pan,  for  6  houi-s,  to  the  tempera- 
ture of  boiliug  water,  in  a  water-bath  (p.  37,  fig.  VJ). 

When  the  samples  have  been  dried^  they  arc  introduced,  still  hot,  into 
glass  tubes  12 — 14  cm,  long,  and  8 — ^10  nim.  wide,  sealed  at  one  end; 
these  tubes  are  then  corked  and  allowed  to  cool. 

In  laboratories  where  whole  series  of  analyses  of  dii!erent  ores  are  of 
frequent  occurrence,  it  is  a*ivisable  t^i  niimber  the  drying-pan b  and  glass 
tubesy  and  to  transfer  the  samples  always  from  the  pan  to  the  tube  of 
the  corresponding  number. 

II.  Deteeminatiox  op  the  Binoxide  of  Mangaxese. 


§  216. 

Of  the  many  methods  that  have  been  proposed  for  the  valuation  of 
manganese  ores,  I  select  three  as  the  most  expeditious  and  accurate. 
The  first  is  more  paii-icularly  adapted  for  technical  puriK>s€!8. 

A,  FBESEmus  ant?  Will's  Method, 

a.  If  oxalic  acid  (or  an  oxalate)  is  brought  into  contact  with  binoxide 
of  manganese,  in  presence  of  water  and  excess  of  sulphuric  acid,  pi-oto- 
Bulphate  of  manganese  is  formed,  and  carbonic  acid  evolved,  while  the 
oxygen,  which  we  may  assume  to  exist  m  the  binoxide  of  manganese  in 
combination  with  the  protoxide,  com hines  with  the  elements  of  the  oxalic 
acidy  and  thus  converts  the  latter  into  carbonic  acid, 

Mn  0«  +  SO^  +  apj=  Mn  0,  SO^  -f  2  C  0,. 

Each  equivalent  of  available  oxygen  or,  wlmt  amounts  to  the  same, 
1  eq,  binoxide  of  manganeae  =i  43*5,  gives  2  eq.  carbonic  acid  ==44, 
^  i.  If  this  process  ia  performed  in  a  weighed  appanitus  from  which 
nothing  except  the  evolved  carbonic  acid  can  esca]M:%  and  which,  at  the 
time,  permits  the  complete  expulsion  of  that  iicid,  the  diminution 
reight  will  at  once  show  the  amount  of  e^irbonic  acid  which  has 
ifMsd,  and  consequently,  by  a  very  Hinijde  calculatioUy  the  quantity  of 
binoxide  contained  in  the  analyzed  manganese  ore.  As  44  parts  by 
weight  of  carbordc  acid  correspond  to  43v)  of  binoxide  of  mangivnese, 
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the  carbonic  acid  found  ne«d  simply  be  multiplied  by  43*5,  and  the  pq 
duct  divided  bj  44,  or  the  carbonic  acid  may  be  multiplied  bj 

^  =0-9887, 

to  find  the  corresponding  amount  of  binoxide  of  manganeae^ 

c.   But  even  this  calcukdoa  may  be  avoide4  by  simply  using  in  1 
operation  the  exact  weight  of  ore  which,  if  the  latter  couaiaied  of 
binoxide,  would  give  100  part^  of  carbonic  acid. 

The  nuiDber  of  parts  evolved  of  carbonic  acid  expressea,  in  that  < 
directly  the  number  of  j>arta  of  bluoxide  contained  in  100  parta  uf  i 
an&lyiced  ore*  It  results  from  6  that  D8'87  ia  the  number  reqt 
Suppose  the  experiment  is  made  with  0*9887  grm.  of  the  ore,  the  num* 
ber  of  eentiju^uimes  of  carbonic  acid  evolved  in  the  procesa  exproKt 
directly  the  percentage  of  binoxide  contained  in  the  analyzed  mangaiitM 
ore^  Now,  as  the  amount  of  carbonic  acid  evolved  firom  0*9887  s' 
manganese  would  be  rather  small  for  accurate  weighing,  it  ia  iui\ 
to  take  a  multiple  of  this  weight,  and  to  diWde  afterwards  the  uuiub 
of  centigrammes  of  carbonic  acid  evolved  from  this  multifile  weij^tl 
the  same  number  by  which  the  unit  has  been  multiplied.  The  multJ 
which  auBWers  the  purpose  best  for  superior  ores  ia  the  triple,  z=z  2"! 
for  inferior  ores,  I  recommend  the  quadruple,  =  3*955,  or  tha  qolu tuple, 
=  4*9435. 

The  analytical  procesa  ia  performed  in 
ff  {  the  apparatus  illustrated  in  fig.  100,  aad 

which  has  been  deacribt?d  already,  p.  28$. 
The  flask  A  should  hold,  up  to  the 
neck,  about  120  c.c;  ^  aboiit  100  c,c 
The  latter  ia  half  filled  with  sulphuric 
acid ;  the  tube  a  ia  closed  at  6  with  a 
little  wax  ball,  or  a  very  smjdl  pie<«  of 
caoutchouc  tubing,  with  a  short  piece  of 
glaaa  rod  inserted  in  tlie  other  end. 

Place  2-966,  or  3*955,  or  4  9435  grm.— 
aocording  to  the  quality  of  the  ore — ia 
a  watch-glaai^  and  tare  the  latter  most 
accurately  on  a  delicate  babmee ;  then  re- 
move the  weighta  from  the  wmtch-glaai, 
and  replace  them  hy  manganese  fn>m  the 
tube,  very  cautiously,  with  the  aid  uf  a 
gentle  ta^i  with  the  finger,  tintiJ  the  etfui* 
Transfer  the  weighed  sample,  with  the  aid 


Fig.  100. 


Ubnim  is  exactly  I'e^ored. 

of  a  card,  to  the  fiask  A^  add  5^ — *}  grm.  neuti-al  oxalate  of  soda,  or  about 
7*5  grm.  neutral  oxalate  of  potassa,  in  powder,  and  bs  much  water  u 
will  fill  the  flask  to  about  one-thinL  Insert  the  cork  into  A^  and  tare  th^ 
api^araUts  on  a  strong  but  delicate  balance^  by  means  of  shoC^  and  bstiy 
tuifoil,  not  placed  directly  on  the  scale^  but  in  an  appropriate  vesBeL 
The  tare  is  kept  under  a  glass  belL  Try  whether  the  apparatus  closes 
air-tight  (see  p,  289).  Then  make  some  sulphuric  acid  flow  horn  B  into 
A  J  by  applying  suction  to  *i^  by  means  of  a  caoutchouc  tube.  The  evolu- 
tion of  carbonic  acid  commences  immediately  in  a  steady  and  untlbnn 
manner.  When  it  begina  to  slacken,  cause  a  fresh  portion  of  •olpbiiiio 
aeid  to  pass  into  A^  aiid  repeat  this  until  the  manganese  ore  ia  < 
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om|)Ofle4,  wliicb,  if  the  sample  has  lieen  very  finely  pulveriied,  reqnires 
~mt  the  most  about  five  minutes.  The  complete  decomposition  of  the 
analyzed  ore  Is  indicated,  on  the  one  hand,  by  the  cessation  of  the  dis- 
engagement of  carl>onic  acid,  and  ita  non-renewal  upon  the  influx  of  a 
fireah  poiiion  of  sulphuric  acid  into  A  ;  and,  on  the  othor  hand,  by  the 
total  disApjjearance  of  every  trace  of  black  powder  £rom  the  bottom  of 
A* 

Now  cau»e  some  more  Rulphuric  acid  to  pass  from  J5  into  A,  to  heat 
the  fluitl  in  the  latter,  and  expel  the  hist  traces  of  carbonic  acid  therein 
cliasolved ;  remove  the  wax  stopper,  or  indiarrubber  tube,  from  6,  and 
apply  gentle  Buction  to  d  imtil  the  air  drawn  out  tastes  no  longer  of 
carbonic  acid.  I^et  the  apparatus  cool  completely  in  the  air,  and  place 
it  on  the  balance,  with  the  tare  on  the  other  scjaJe,  and  restore  equilibri- 
um. The  number  of  centigramme  w^eights  added,  di\'ided  by  3,  4,  or  5, 
according  to  the  multiple  of  0*1)887  gmi,  used,  expre^isea  the  p»ercentage 
of  binoxide  contained  in  the  aimlyzed  ore. 

In  experiments  made  with  detinite  qnantities  of  the  ore,  w^eighing 
in  an  ojjen  watch -glass  cannot  well  be  avoided,  and  the  dried  manganese 
is  thus  exposed  to  the  chance  of  a  reatisorptioa  of  water  from  the  air, 
which  of  courae  tends  to  interfere,  to  however  so  triHing  an  extent, 
with  the  accuracy  of  the  results.  In  very  precise  experiments,  there- 
fore, the  best  way  is  to  analyze  an  imleterniinate  quantity  of  the  ore, 
and  to  calculate  the  percc^ntage  as  shown  above.  For  this  purpose,  one 
of  the  little  corked  tubes,  filled  vdih  the  dry  pulverizetl  ore,  is  accu- 
rately weighed,  and  about  3  Ia}  5  gini.  (according  to  the  quality  of  the 
ore)  are  transferred  to  the  f\mk  A.  By  now  reweighing  the  tube,  the 
exact  quantity  of  ore  in  the  Hunk  is  ascertiiined.  To  facilitate  thia 
operation,  it  is  advisable  to  somteh  on  the  tulie,  with  a  Jile,  marks  indi- 
cating, approximately,  the  various  quantities  wliich  may  be  required  for 
the  analysis,  acconlmg  to  the  quality  of  the  ore. 

With  proper  skill  and  patience  on  the  part  of  the  operator,  a  good 
balance  and  correct  weights,  tins  method  gives  most  accurate  and  corre- 
sponding results,  differing  in  two  analyses  of  the  same  ore  barely  to  the 
extent  of  0*2  per  cent. 

If  the  results  of  two  assays  dilTer  hy  nioi*e  than  0*2  jwr  cent.,  a  third 
exjjeriment  should  be  made.  In  lalioi-atories  where  analyses  of  manga- 
nese ores  are  matters  of  frequent  occuirence,  it  will  be  found  conveni- 
ent to  use  an  aspirator  for  sucking  out  the  carbonic  acid.  In  the  case 
of  very  moist  air,  the  erivr  which  proceeds  from  the  fact  that  the  water 
in  the  air  drawn  through  the  appai-atus  is  retained,  and  which  is  usu- 
ally quite  inconsiderable,  may  now  be  increajBed  to  an  important  extent. 
Under  such  circumstances,  connect  the  end  of  the  tube  h  with  a  chlo- 
ride of  calcium  tube  dui  iug  the  suction. 

Some  ores  of  mang>inese  contain  carhonates  of  tItA  aJhiiine  earths^ 
which  of  course  necessit^ites  a  modification  of  the  foregoing  process.    To 

ertain  whether  carbonates  of  the  alkaline  earths  are  present,  boil  a 
"iample  of  the  pulverized  ore  with  water,  and  add  nitric  acid.  If 
any  effervesoenco  takes  place,  the  process  is  modified  as  follows 
(RoHRf):-^ 


*  If  the  manganese  ore  has  been  pulverued  in  an  iron  mortar,  a  few  black 
spote  (portioies  of  iron  from  the  mortar)  will  often  remaii]  perceptible, 
f  Z«itschrift  t  Koalyl,  Chem.  1,  48. 


;  wti^  dt  whcmt  O'i  grot, 
m,  IDMlntetl  in  %  59^  pu  306,  aiuI 
it ;  eoiMlnci  tl»e  pt^cHs  ei- 
BoQ  nji^  the  oro  is  cximpletelj 
M  eflect«d  in  m  lew  laiiir 
to  1  ec|.  chloriiiie  «Tolv«d, 
dC  ■tt^;fto«i»»     For  tbe  estimAtuiii  ol 
I  li6  m&f  be  emplojed.      Besolts 


C. 


umo/ikeBmandeo/ 


hjf  memu  of  £r9m. 


DuaoWe,  in  a  snuJl  long-necked  flask,  placed  in  a  slanting  pofdtioiiy 
abont  1  grm.  pianoforte  wire,  accorately  weighed,  in  moderately  con- 
centrated pure  hydrochloric  acid ;  weigh  off"  about  0*6  grm.  of  the  sam- 
ple of  manganese  ore  in  a  little  tube,  drop  this  into  the  flask,  with  its 
contents,  and  heat  cautiously  until  the  ore  is  dissolved.  1  eq.  binozide 
of  manganese  converts  2  eq.  of  dissolved  iron  from  the  state  of  proto- 
to  that  of  sesquichloride.  When  complete  solution  has  taken  place, 
dilute  the  contents  of  the  flask  with  water,  allow  to  cool,  rinse  into  a 
beaker,  and  determine  the  iron  still  remaining 'in  the  state  of  protochlo- 
ride  with  chromate  of  potash  (p.  198).  Deduct  this  from  the  wei^t  of 
the  wire  employed  in  Uie  process ;  the  difference  expresses  the  quantity 
of  iron  which  has  been  converted  by  the  oxygen  of  the  manganese  from 
protochloride  to  sesquichloride.*  This  difference  multiplied  by  ^ff 
or  0*7768,  gives  the  amount  of  binoxide  in  the  analyzed  ore.  This  me- 
thod also,  if  carefully  executed,  gives  very  accurate  results.  If  you 
determine  the  excess  of  protochloride  of  iron  with  permanganate,  do 
not  forget  the  remarks  on  page  198,  note. 

The  main  reason  why  this  method  is  less  suitable  ?or  industrial  use 
than  the  first  lies  in  the  fjwjt,  that  the  analyst  must  work  with  mudi 
smaller  quantities  of  substance.    Hence  to  obtain  results  equally  accurate 

*  J^  ycT  precise  ezperimentB,  the  weight  of  the  iron  must  be  multii»lied  by 
0*997,  sinoo  pianoforte  wire  may  always  be  assumed  to  contain  about  0*008 
impurities. 
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boae  yielded  by  A,  far  greater  nicety  in  weighing  and  naaiiipulut- 
!  required.     Instead  of  njetallic  iron,  weighed  quantities  of  pure 

protosulphate  of  iron,  or  of  sulphate  of  protoxide  of  iron  and  ammonift, 

ma>j  be  used. 

m.  Estimation  or  Moisture  in  Manqakesb. 

§  216. 

In  the  purchase  and  sale  of  manganese,  a  certain  proportion  of  moistui^ 
IS  usually  assiuned  to  be  present,  and  oftfen  a  percent^ige  is  fixed  within 
which  tlie  moisture  iou«t  be  coufined.  In  estimating  the  moiatui^e  the 
nine  tei»|ieraiure  should  be  employed,  at  which  the  drying  for  the  pur- 
f>06e  of  determining  the  binoxide  is  effected  (§214,  I,). 

As  the  amount  of  moisture  in  an  ore  may  be  altered  by  the  operations 
of  crushing  and  pulverizing,  the  experiment  should  be  made  with  a  sample 
of  the  mineral  which  has  not  yet  been  subjected  to  these  proceijsea.  The 
drying  must  be  continued  until  no  further  tHuiiDution  of  weight  is  ob- 
served; at  100*,  this  t^sikes  about  *>  hours,  at  120%  generally  only  1^ 
hours.  If  the  inoiHture  in  a  manganese  ore  ia  not  to  be  estimated  on  the 
spot,  but  in  the  laboratory,  a  fiiir  ayerage  sample  of  the  ore  siiould  be 
forwarded  to  the  chemist  in  a  strong,  perfectly  dry,  and  well-corked 
bottle, 

lY.  Estimation  of  the  Amount  of  HYDROc?HLO|tic  Acid  requibed 

FOR   THE   COltPLETE   DECOMPOSITION   OF   A   MaKQANESE. 

§21T. 

Different  manganese  ores,  containing  the  same  amount  of  aTailable 
oxygen,  or,  as  it  is  usually  expressed,  of  binoxide,  may  retiuire  very  dif- 
ferent quantities  of  hydrochloric  acid  to  effect  their  decomposition  and 
solution,  so  as  to  give  an  amount  of  chlorine  corresponding  to  the  avail- 
able oxygen  in  them ; — thus, an  ore  consiating of  GO  percent,  of  binoxide 
of  manganese  and  40  per  cent,  of  sand  and  clay,  requires  2  eq.  hydro- 
chloric acid  to  1  eq.  of  available  oxygen;  whereas  an  equally  rich  ore 
containing  lower  oxides  of  manganese,  s€»squioxide  of  iron,  or  carbonate 
of  lime  requires  a  much  larger  proportion  of  hydrochloric  acid. 

The  quantity  of  hydrochloric  acid  in  question  may  be  determined  by 
the  following  process  : — 

Determine  the  strength  of  10  c.  c.  of  a  moderately  strong  hydrochloric 
acid  (of,  say,  I'lO  sp.  gr.)  by  means  of  solution  of  sulphate  of  copj>er  and 
ammonia  (§  205),  Warm  10  c.  c.  of  the  same  acid  with  a  weighed 
quantity  (about  1  grm.)  of  the  manganese,  in  a  small  long-necked  flask, 
with  a  glaiis  tube,  about  3  feet  long,  fitted  into  the  neck.  Fix  the  tlask 
in  a  f»osition  that  the  tube  is  directed  obliquely  upwards,  and  then  geuily 
heat  the  contents.  As  soon  tks  the  manganese  is  decouqjoseil,  a]»ply  a 
somewhat  stronger  heat  for  a  short  time,  to  expel  the  chhu'ine  which  still 
remaina  in  solution ;  but  carefully  avoid  continuing  the  application  of 
heat  longer  than  is  absolutely  necessary,  as  it  m  of  im[>ortaiice  to  g\iard 
against  the  slightest  loss  of  hydrochloric  acid.  L«^  the  tlask  cool,  dilute 
the  contents  with  water,  and  cieteruiine  the  free  hy  tlrochloric  acid  remain- 
ing by  solution  of  sulphate  of  co|q>or  and  ammonia*  Deduct  the  quan- 
tity found  from  that   oiiginally  added  ;   the  dillerence  expresiiea  the 
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amount  of  hydrochloric  add  required  to  efibct  flie  ifaimmiCiailiaii  of  flM 
manganese  ore. 

7.  Akaltsis  of  CknoioH  Saxs. 

§218. 

I  select  this  example  to  show  how  to  analyie,  with  momamaj  and 


tolerable  expedition,  salts  which,  with  a  predominant  principal  ingrediaDl^ 
contain  smidl  quantities  of  other  subatuioea. 

Ow  Beduce  Ihe  salt  by  trituration  to  a  unifonn  ponrdMr,  and  pot  Urn 
into  a  stoppered  bottle. 

b.  Weigh  off  10  grm.  of  the  powder,  and  diwolTD  in  ftbaafcarhy  iHaw 
tion  with  water ;  filter  the  solution  into  a  |-]itre  flask,  and  thnnwimh 
wash  the  small  residue  which  generally  remalna.  Kuuly,  fill  Ike  mk 
with  water  up  to  the  mark,  and  shake  the  fluid. 

If  small  white  grains  of  sulphate  of  lime  are  left  on  diasblTnig  ilia  all| 
reduce  them  to  powder  in  a  mortar,  add  water,  let  the  miztoradigBit  ftr 
some  time,  decant  the  dear  supernatant  fluid  on  to  a  filter,  tritazmto  tka 
undissolyed  deposit  again,  add  water,  dec,  and  repeat  the  opentioa  ulil 
complete  solution  is  effected. 

e.  Ignite  and  weigh  the  dried  insoluble  reaidae  of  6,  and  aolgeet  it  to 
a  quaUtatiye  examination,  more  espedaUy  with  a  riyew  to  aaoortain  wheUMT 
it  is  perfectly  free  from  sulphate  of  lime. 

d  Of  the  solutiop  6,  measure  off  sucoeasiTely  the  foUowing  qvaofr 
ties: — 

For  e,    50  c  c  corresponding  to  1  grm.  of  common  aalti 
«  /.  150  c.  c.        «        «*  3        «  «  « 

"    ^.  150  c.  c        «        «<      *    3        «  «  « 

«    A.     50C.C.        "        «  1        «  «•  « 

e.  Determine  in  the  50  c.  c  measured  off,  the  eUanite  as  direoted 
§  141,  L,  a  or  b. 

f.  Determine  in  the  150  c.  c.  measured  ofl!^  the  9idpkmnc  add  as 
directed  §  132,  L,  1. 

g.  Determine  in  the  150  c.  c.  measured  off,  the  Ume  and  nm^fimimi  as 
directed  p.  349,  29. 

h.  Mix  the  50  c.  c.  measured  off,  in  a  platinum  dish,  with  about  le.  a 
of  pure  concentrated  sulphuric  add,  and  proceed  as  directed  §  98, 1. 
The  neutral  residue  contains  the  sulphates  of  soda,  lime,  and  T*Tigi**** 
Deduct  from  this  the  quantity  of  the  two  latter  substanoea  as  resnhing 
from  g ;  the  remainder  is  sulphate  of  soda, 

i.  Determine  in  another  weighed  portion  of  the  nlt^  the  tsaf^r  as 
directed  §  35,  o^  a,  at  the  end. 

k.  Bromine  and  other  bodies,  of  which  only  Teiy  minute  tncea  aie 
found  in  common  salt,  are  determined  by  the  methods  deaeribed  in 
Parti. 

8.  Akaltsis  of  Oukfowder.* 
§219. 
Gunpowder,  as  is  well  known,  consistB  of  nitre,  salfAinr,  and  Aaa> 


*  As  regards  the  determinatiaii  of  the  qk.  gr.  of  gunpowda^I  lefar  ta  ] 

paper  on  the  subject,  in  HittheilmigendM  QewezbererBiiia  fir  Haanofai^  IM^ 
168--178;  Polyt.  GentnlbL  1806,  ifia 
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coal^  and,  in  the  ordinary  coadidon,  invariably  contains  a  smaJl  quantity 
of  moisture.  The  analysis  is  frequently  contined  to  the  deterniination 
of  the  three  constituents  and  the  moLsture,  but  often  the  examination  is 
extended  to  the  nature  of  the  charcoal,  and  the  carbon,  hydrogen,  oxy- 
gen, and  ash  therein  are  estimated. 

a,  J}eterfmnaiitm  of  the  Moisture, 

Weigh  2 — 3  grm.  of  the  substance  {not  reduced  to  [mwder)  between 
two  well-fitting  watch -glasseB,  and  di*y  in  the  desiccator,  or  at  a  gentle 
heat,  not  exceeding  60^,  till  the  weight  remains  constant, 

b,  Dei^rminatum  of  the  ^itre. 

Place  an  accurately  w*eighed  quantity  {about  i5  grm.)  on  a  filter,  mois- 
tened with  water ;  saturate  with  water,  and,  aft<^r  some  time,  re|»eatedly 
pour  small  quantities  of  hot  water  upon  it  until  the  nitrate  of  potassais 
completely  extracted.  Receive  the  first  iilti'ate  in  a  small  weighed  pla- 
tinum dish,  the  washings  in  a  beaker  or  small  fiask.  Evaporate  the  con- 
tents of  the  platinutn  dish  cawtiowaly,  adding  the  ^'askings  from  time  to 
time,  heat  the;  residue  cautiously  to  incipient  fumon,  and  weigh  it.  * 

c,  Determination  of  the  Sulphur, 

Oiddize  2 — 3  grm,  of  the  powder  with  pure  concentrated  nitric  acid 
and  chlorate  of  [jotfLsli,  the  latter  being  adiJed  in  small  portions,  while 
the  fluid  is  maintained  in  gentle  ebullition.  If  the  operation  is  contin- 
ned  long  enough,  it  uanally  happens  that  both  the  charcoal  and  sulphur 
are  fulJy  oxidized,  and  a  clear  solution  is  finally  obtjiined.  Evaporate 
with  excess  of  pure  hydrochloric  ^cid  on  a  water-bath  to  dryness,  lilter, 
if  undissolved  charcoal  should  render  it  necessary,  and  determine  the 
sulphuric  acid  after  §  132,  I.,  L 

d*  l^etermifmtion  of  th^  Charcoal, 

I>ig68t  a  weighed  portion  of  the  powder  rei"»eatedly  with  sulphide  of 
Doniumj  till  all  sulphur  is  dLsaolved,  collect  the  charcoal  on  a  filter 
dried  at  lUO^,  wash  it  ftrsi  with  water  containizig  sulphide  of  ammoni- 
um, then  with  pure  water,  dry  at  100°,  and  weigK 

The  charcoal  bo  obtained  must,  under  id  I  circumstances,  be  teste4  for 
sulphur  by  the  method  given  under  c^  and  if  occasion  require,  the  sul- 
phur must  be  determined  in  an  aJiqnot  part.  The  charcoal  may  also  be 
examined  as  regards  its  behavior  t^  jjotush  solution  {in  which  **red  char- 
coal '*  t  is  partially  soluble)  and  an  aliquot  jiart  may  be  subjected  to  ele- 
mentary analysis  according  to  §  178.  For  this  latter  purpose  take  a 
portion  of  the  charcoal  dried  at  100^,  and  dry  at  190^  (Weltzien).  If 
the  cliarcoal,  on  this  second  drying,  sulfers  a  diminution  of  weight,  cal- 
culate the  latter  into  pern^enta  of  the  gunpowder,  deduct  it  from  the 
charcoal,  and  add  it  to  the  moisture. 


*  The  nitrate  of  potoiwa  maj  idso  he  estimated  in  an  ezp^tioiut  tnanner,  and 
witJi  anfficieat  accuracy  for  technical  parposea,  by  means  of  a  hjdrometer^  which 
it  ooDstnioted  to  indicate  the  {yercentnge  of  thiii  iDgredient  when  floated  in  water 
ooDtaining  a  certain  proiM)rtiou  of  ^iipowder  in  solutioo.  A  method  based  apon 
the  aame  principle,  propoied  by  Uchatiua.  ia  ^ven  in  the  Wiener  akad  Ber,  X. 
748;  also  Ann,  d,  Chem,  und  Pharm.  88^  395. 

I  Incompletely  c&rbonixed  wood 
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9.  AjTALTsis  or  Natitb  Aan>,  koke  pabticttulrlt,  of  Mixeb  Silicate* 

§  220. 

Tbe  aiuUiw  of  sOiemtes  which  are  completely  decomposed  hj  acifb 
htt  been  described  m  g  140,  11.,  a ;  and  that  of  silicates  which  at«  not 
deoompOMd  by  adds^  in  §  140,  IL,  ft.  1  have  ther**fore  here  otilr  to  add 
a  few  remarks  respecting  the  examination  of  xnixed  silitmt^^s^  i,e^  of  such 
as  ara  composed  of  idlicates  of  the  two  classes  ( phono  Lites,  day-ahoes, 
baaalts,  meteoric  stones,  dec)* 

After  the  silicate  has  been  Tcry  finelr  pnlverized  and  dried  at  100** 
it  is  usnally  treated  for  some  time,  at   a  gentle  heat,  with  modentti*ly 
concentrated  hydrochloric  acid,  evaporated  to  dryness  on  the  water  ^-t*' 
the  reaidue  moistened  with  hydrochloric  acid,  water  added^  and  tb» 
tion  filtered  :  it  is  often  preferable,  however,  to  digest  the  powdvr  «  uu 
dilute  hydrochloric  acid  (of  about  15  per  cent)  for  some  days  at  a  gen* 
tie  heat,  and  then  at  once  filter  the  solution.     Which  of  the  two  M«ip 
it  is  advisable  to  adopt,  and  indeed  whether  the  method  here  deseriljed 
(which  was  first  employed  by  Chr.  GsrenN  in  the  analysis  of  phom  .^ 
may  be  resorted  to,  depends  upon  the  nature  of  the  mixed  miii 
The  more  readily  decomposable  the  oue  of  the  constituent  parts  of  thti 
mixture  is,  and  the  le«s  readily  decomposable  the  other,  the  more  con- 
stant the  proportion  between  the  undissolved  an<l  the  dissolved  part  is 
found  to  remain  in  different  experiments  ;  in  other  words,  the  less  the 
undissolved  part  is  affected  by  further  ti*eatment  with  hydrochloric  acid, 
the  more  safely  may  this  method  of  decomposition  be  resorted  to. 

The  process  gives : — 

a.  A  h^drochlofie  add  goluii&ny  containing,  besides  a  little  siHcio 
add,  the  basess  of  the  decomposed  silicate  in  the  form  of  metallic  chlo- 
rides, which  are  separated  and  determined  by  the  proper  methods. 

6.  An.  inmilubU  residue,  which  cont.ains,  besides  the  undeoompos^d 
silicate,  the  separated  silicic  acid  of  the  decomposed  eilicate* 

After  the  latter  has  been  well  washed  with  water,  to  which  a  ttw 
drops  of  hydrochloric  acid  have  been  added,  transfer  it,  still  moist,  in 
small  portions  at  a  time,  to  a  boiling  solution  of  carbonate  of  soda  (free 
from  silicic  acid)  contained  in  a  platinum  disb  ;  boil  for  some  tirne^  and 
filter  off  each  time,  still  very  hot,  through  a  weighed  filter.  Finally, 
rinse  the  last  particles  of  the  residue  which  still  adhere  to  the  filter  com- 
pletely into  the  dish,  and  proceed  as  before*  Should  this  operation  not 
fully  succeed,  dry  and  inciDerate  the  filter,  transfer  the  ash  tc»  the  pla- 
tinum dLsh,  and  boil  repeatedly  with  the  solution  of  carbonate  of  soda 
till  a  few  drops  of  the  fluid  finally  passing  through  the  filter  remain 
clear  on  warming  with  eatcesa  of  chloride  of  ammonium,  Wash  tha 
residue,  first  i*ith  hot  water,  then — to  insure  the  removal  of  every  trace 
of  carbonate  of  soda  which  may  still  adhere  to  it — with  water  slightly 
acidified  with  hydrochloric  acid,  and  finally  again  mth  pure  water. 
Collect  tiie  washings  in  a  aeparat-e  vessel  (H.  Hose). 

Acidify  the  alkaline  tiltrtite  with  hydrochloric  acid,  and  determine  in 
it  the  silicic  acid  which  l>elongs  to  the  silicate  decomposed  by  hydn>- 
chloric  acid,  as  tlii*ected  §   140,  II.,  a.     Dry  the  undissolved  silicate  at 

•  Gomp.  Qaal  Anal  gg  205^208.  The  quantitative  analysis  must  always  b« 
preceded  by  a  minate  and  oomprehensive  qualitative  aoalysia. 
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100^,  and  weigh,  TLe  ditference  gives  the  quantity  of  the  diasolvod 
ailieate.  Treat  the  undissolved  sUicAte  exactly  as  directed  §  HO, 
II.,  k 

Hilicates  drieil  at  100^  occasionally  contain  tvaier,  Tliis  ie  determinod 
by  taking  a  weighed  portion  uf  the  mixed  silicate  dried  at  100°  and 
i|^iiting  in  a  platinum  crucible^  or — in  presence  of  carbon  or  protoxide 
of  iron — in  a  tube,  through  which  a  stream  of  dry  air  is  drawn,  the 
rjioisture  ex|)elled  from  the  substance  being  retained  by  a  weighed  chlo- 
ride of  calcium  tulx*.  To  aseertain  whether  the  water  thus  expelled 
pnx'oeds  from  the  silicate  decomposable  by  hydi^ochluric  acid,  or  from 
that  which  hydrochloric  acid  fails  to  decompose,  a  sample  of  the  latter, 
dried  at  100^,  is  also  ignited  in  the  same  maimer.  Suppose,  for  instance, 
the  mixed  silicate  under  examination  consists  of  50  per  cent,  of  silic^ite 
decomposed  by  hydrochloric  acid,  and  50  j>er  cent,  of  silicate  which 
hydrochku-ic  acid  fails  to  decompose  ;  and  that  the  latter  contains  47 
parts  of  anhydrous  substance,  and  3  parts  of  water  ;  the  determination 
of^  the  water  would  give,  for  the  mixed  silicate  3  per  cent.,  for  the  por- 
tion not  decomposed  by  hydrochloric  acid  6  per  cent.  Now,  as  3  bears 
the  same  proportion  to  6  as  the  iiiidecomposed  silicate  (50  per  cent.) 
bears  to  the  mixed  silicate  (100  per  cent.),  it  is  clear  that  tlxe  silicate 
decom]*oaeil  by  hydrochloriu  acid  gives  no  water  ujion  ignition. 

If  the  escaping  aqxioous  vapors  manifest  aciil  reaction,  owing  to  dis- 
engagement of  hi/droehloric  a^d  or  jlitAyrule  of  tfilimn^  mix  the  substance 
vriih  6  [wirta  of  finely  tritnmted  recently  igjuted  oxide  of  le^d  in  a  small 
retort,  we^j;h,  ignite?,  and  weigh  again.  If  the  water  passing  over  still 
nmnifests  acid  reaction,  connect  the  retort  with  a  small  receiver  contain- 
iiig  water,  and  determine  the  hydro  11  uosilicic  acid  in  the  latter,  after  the 
termination  of  the  process.  According  to  Sainte-Claire  Deville  and 
"^oiTQtT^,*  by  properly  conducting  tlie  ignition  the  water  may  usually  be 
K  pel  led  free  from  combinations  of  tluorine,  since  the  latter  reqiiii*e  a 
far  higher  tem|>erature  for  expnlsiori  than  the  former  requires.  After 
the  water  has  been  driven  oti'  the  lluorine  is  tlien  expelkrd  by  stronger 
ignition,  either  as  alkaline  metallic  fluoride  or  as  fluoride  of  silicon. 

The  undecomposed  part  of  a  mixed  silicate  occasionally  contains  car- 
Ifonacfious  orqanic  rtt/iUer^  in  which  case  it  is  the  safest  way  to  treat  an 
aUquot  part  of  it  in  a  cun-ent  of  oxygen  gas,  and  weigh  the  carbonic 
ftcid  produced  (g  178),  According  to  Delesse,  ti-aces  of  nitrogen  are 
almost  invariably  present  in  the  organic  matter  contained  in  silicates. 

8iUcates  often  contain  admixtures  of  other  minemls  (magnetite,  pyrite*!, 
aiiatite,  carbonate  of  lime,  Ac.)  which  may  sometimes  be  detected  by  the 
llfwked  eye  or  with  the  aid  of  a  magnifying  glass.  It  would  be  rather  a 
difficult  undertaking  to  devise  a  generally  applicable  method  for  cases 
of  this  description  J  I  therefore  simply  remark  that  it  is  occasionally 
found  advantageous  to  treat  the  substance  first  with  acetic  acid,  liefore 
fiubjecting  it  to  the  action  of  hydrochloric  acid  ;  this  will  more  especially 
effect,  without  the  least  difficulty^  the  separation  of  the  carbonates  of  the 
•Ikaline  earths.  As  examples  of  coraiilete  examinations  of  this  kind  I 
may  cite  some  analyses  by  DoLLFUBa  and  NsUBAUEf^f  which  were  made 
in  my  laboratory. 

If  Mulphidea  are  present,  determine  the  sulphur  by  one  of  tlic  methodi 


*  Compt,  rend.  38,  817;  JoortL   1  prakt.  Chem.  62,  78. 
f  Jouni.  f.  prokt  Chem.  6d,  im 
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spmcuis  wAwr* 
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§  us,  IL,  A,*    A«f«padA  tJie  metliods  m  tlie  wet  way,  it  i 
I  in  aamdf  that  when  bujrte^  fltrantu^  or  Uml  b  pre^ent^  &  ^ 
of  the  siilfiliiEEiefteiil  produced  regains  in  1^  fjiaolubie  raddle  ;  cm  i 
Willi  alkiJizie  curboiukt«  and  mitnie  itm  U  not  the  cAm.     J% 
■ulplikfep  a  #«fjl4Bto  is  pwent,  d^tenxUBe  tlie  eulphuric  add  of  the  1 
bj  boiltiig  ft  aeptnte  portioii  of  the  subetaiioe  with  m  solution  of  cftrii 
oi  potodh  or  soda  for  a  Ich^  timej  filtering,  addifjk-ijig  tlie  61trale,|^^ 
prmplttfing  Willi  i^iJoiide  of  Iwriunu     The  sulphuxie  acid  thus  oblalHM 
is  ddUiGled  fim  llio  quastitj  obcain^d  mfter  treattDent  with  oxkEdn^ 
tgaiti^  mvi  th^  leoiAliider  ^:orTfsspoud&  with  tht  sulphur  m  the  fulphide. 
Hie  pn4oatid6  b/  irtm  eiult  he  cxmVBiiJjaiitljr  determiiifed  hj  Co«te\ 

If  BiHinkA  ODntam  smalL  qajuititi^  of  lifaiiif  ootc/^  ss  b  Tetj  fra^ii^tff 
the  oase,  care  rami  be  taken  not  to  o^^fiooJc  this  adw^xttucw    If  the  t  '^^  ' 
•od  has  he^i  ie|»ral«d  hj  ev^^^ovrntion  wi^  hjdpocUoric  acid^i 
jiceoeded  or  sot  bj^  deowipofiitioii  with  carhooated  alkali— ajid  the 
Miatioii  has  been  ejected  o&  the  water-bath,  and  ihe  drj  mafis  has  heoi  ^ 
teiktad  with  a  stiffident  qnaatxtf  of  bjdrocblom  acid,  the  titank  i 
or  at  leaat  br  £fcr  the  greater  part  of  il^  is  found  in  the  hjdriMshloriG^ 


The  sq»nUcNl  silka  nnaj  be  tested  for  titanie  acid,  as  foUowa : — Tmit 
in  a  platiniuxi  di^  with  hrdTofiuorie  aeid  and  a  little  sulphuric  acUf 
ttTaporMe,  ti^m  the  t^idue  with  bisiilphate  of  fiotash,  disaotre  in  eoU 
water^  £lter  if  neeeoarj^  a^d  separate  ihe  tttauic  acid  firom  the  sulphuiie 
add  solutioti  hf  the  method  given  §  107. 

Am  re^sards  the  titanic  acid  contained  in  the  hTdrochioiie  acid  solittioii 
Eltet^d  fnHEi  the  mllcic  acid^  it  la  |if«cipttatai  with  the  sesqidoiide  of 
LTon  atMl  ahaminay  wh«^  ammonia  is  add«^  (§  ^^l?  3)*  ^  ^^  predpitale 
it  raaj  be  detersiiited  either  (a)  hy  igtiilijig  th^  precipitale  in  h jdnpfn, 
extracting  the  reduced  iron  W  di^^stioo  with  dilute  hjdrocM&ric  acid, 
fusing  the  residue  with  bisulphate  of  potash,  taking  up  with  cold  water, 
and  precipitating  the  titanic  add  by  boiling  (§  107)  or  (6)  by  fusing  the 
precipitate  at  once  with  bisulphate  of  potash,  dissolYing  in  cold  water, 
neutralizing  the  solution  as  nearly  as  possible  with  carbonate  of  soda, 
diluting  with  water,  so  that  not  more  than  0*1  grm.  of  the  oxides  may 
be  contained  in  50  c.  c^  adding  to  the  cold  solution  hyposulphite  of  soda 
in  slight  excess,  waiting  till  the  fluid,  which  was  at  first  riokt,  has 
become  quite  colorless,  and  consequently  the  whole  of  the  sesquioxide 
of  iron  is  reduced,  boiling  till  sulphurous  acid  ceases  to  be  disengaged, 
filtering,  washing  the  precipitate  with  boiling  water,  dryii^  gently 
igniting  in  a  covered  porcelain  crucible,  to  expel  sulphur,  tiioi  takii^ 
the  lid  off  and  increasing  the  heat;  we  thus  obtain  the  alumina 
(GHAScn.t)  And  the  titanic  add  (A.  Strom£TKr|)  tc^ether,  free  from 
sesquioxide  of  iron ;  they  are  separated  by  the  me&od  sdrnve  given. 

10.  AxALTsis  OF  LiMBSTOKSS^  DoLOMim,  Martji,  Ac 

As  the  minerals  containing  carbonate  of  lime  and  carbonate  of  mag- 
nesia play  a  very  important  part  in  manufactures  and  agricolture,  the 

\  The  methods  in  the  wet  wa j  would  as  a  rale  be  prefenUeL 
t  CompiL  lend.  4fi,  987;  AnnaL  d.  Chem.  u.  Fhann.  106,  S37. 
I  Anaal.  d.  Chem.  u.  Pbana.  113, 127. 
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chemist  is  often  called  iipon  to  analyze  them.  The  analytical  procew 
ditlers  according  to  the  different  object  in  view.  For  technical  pnrposea, 
it  i»  sufficient  to  determine  the  piincipal  constituents ;  the  geologiAt  takes 
an  interest  also  in  the  matter  pix^sent  in  Hmaller  proportions* ;  whilst  the 
agricultunil  chemist  aeeks  a  knowledge  not  only  of  the  constituenta,  but 
aUo  of  the  state  of  solubility,  in  diilerent  mtmstrua,  in  which  they  are 
severally  present, 

I  will  give,  in  the  first  place,  a  process  for  effecting  a  complete  and 
accurate  analysis ;  and,  in  the  i»econd  place,  the  voKimetric  methods  by 
which  the  carl>onate  of  lime  (and  the  cai*bonate  of  magnesia)  may  be 
determined.  An  accurate  qualitative  examination  should  always  pre- 
oede  the  quantitative  analysis. 


A,  Method  of  Effectlkq  the  Complete  Analysis. 
§221. 

a.  Reduce  a  large  piece  of  the  minei'aJ  to  powder,  mix  this  uniformly, 
and  dry  at  100^, 

6.  Treat  about  2  gnn.,  In  a  covered  beaker,  i?i*itli  dilute  bydrocliloric 
acid  in  excess,  evaporate  to  dryneaa  in  a  platinum  or  porcelain  dish, 
moisten  the  residue  with  hydrochloric  acid,  heat  with  water^  filter  on  a 
dried  and  weighed  filter,  wash  the  insoluble  residue,  dry  at  100°,  and 
wt'iglu  It  generally  consista  of  separated  silwk  acidy  daf/^  and  Hand  r 
but  it  often  contains  also  humti94ike  tnatter,  Opportiaiity  will  be  afibrded 
in  H  for  exiunining  this  residue, 

€,  Mix  the  hydroohloHc  acid  solution  with  chlorine  water,  then  with 
ammonia  in  slight  excess,  and  let  the  mixture  stand  at  rest  for  some 
time,  in  a  covered  vessel,  at  a  gentle  heat.  Filter  off  the  precipitate, 
which  contains — besides  the  hydrates  of  sesquioxide  of  ii'on,  sesqiiioxide 
of  manganese,  and  alumina — the  phosphoric  acid  which  the  tmalyzed 
compound  may  contain,  and,  moreo%^er,  invariably  traces  of  lime  and 
magnesia;  wa-sh  slightly,  and  i-edissolve  in  hydrochloric  acid  ;  heat  the 
solntii>n,  add  chlorine  water,  and  then  precipitate  again  with  ammonia ; 
filter  off  the  precipitate,  wash,  dry,  ignite,  and  weigh. 

For  the  estimation  of  the  several  components  of  the  precipitates,  viz,, 
Mtqutoxitle  of  iron^  protone^quiajtide  of'  manganese^  alumina^  and  phoi- 
pkoric  tund^  opportiimty  will  be  afforded  in  g. 

<£.  Unite  the  fluids  filtered  from  the  fii'st  and  second  precipitates  pro- 
duced by  ammonia,  und  detenniiie  the  lime  and  nmf^ntntiu  as  directed  § 
IM,  G(29). 

tf.  If  the  limestone  dried  at  100°  still  gives  toater  upon  ignition,  this 
is  estimated  best  as  directed  §  3G. 

y.  If  the  limestone  contains  no  other  volatile  constituenta  hesideii 
water  and  carl>onic  acid,  ignite  with  fused  borax  (p*  288,  r),  and  sub- 
tract from  the  loss  of  weight  suffered,  the  water  found  in  t* ;  the  ditler- 
''^nce  is  the  carbonic  acid.     If  this  method  is  inapplicable,  dett^rmine  the 
carbonic  acid  as  directed  p,  290,  66,  or  291,  t*c,  or  as  on  p,  21>3,  <f, 

ff.  To  effect  the  estimation  of  the  constituents  prenent  in  smaller  pro- 
portion, as  well  as  the  analysis  of  the  residue  insoluble  in  hydrochloric 
acid,  and  of  the  precipitate  produced  by  ammonia,  dissolve  20 — 50  gnn, 
of  the  minera!  in  hydrochloric  acid.  As  the  evaporation  to  dryness  of 
large  quantities  of  lluid  is  always  a  tedious  operation,  gently  heat  the 


iPlHA]^  VAST.  [§  ^1 

ioltttioii  f<nr  flame  thne^  to  txpel  tbe  carbomie  odd  ;  thc'n  Mi^r  tli rough  a 
imigbeil  filtitr  mto  &  Utre  fliiak,  waiib  the  residue,  dry,  aod  weigli  iL 
(TI|9  weight  will  not  quite  agr©©  with  that  of  the  re^due  in  6,  iis  the 
bllm'  rriDtiviuit  uhiii  thi^t  |>art  of  the  »iUcic  acid  whieb  hei%  still  n^aiaim 
in  loiuiioit.) 

ma,  Trfiiit  u  jKirticm  witli  boiliug  solution  of  pxwe  carbonate  of  ] 
(§  220,  h),  Aud  i^t^ptmite  iliu  Hitieic  acid  fk^m  the  solution  (g  140,  IL,  49); 
tkiH  urtKieMH  |^i\  eti  the  qaautitj  of  that  portion  of  the  silicie  add  con* 
Iftluea  ill  the  n^Midue^  which  is  MduM^  m  tiikaiieM* 

66.  Ti^at  iyicjlh*.*r  ixirtiou,  by  the  \\M\ial  process  for  sili^at^s  (§  1^^ 
H^  6)  J  and  dt^luct  from  tho  nlkic  «iW4  found,  the  amount  obtained  in  odu 

m^  If  tho  nwidue  contains  organic  nmii^  (huniu^),  determine^  im  a 
Mfllo%  Uie  carbi>n  by  tht?  mf^thod  of  ultimate  aualvHia  (p.  450,  £). 
FvmiOtiDT,*  who  dctf  ruiined  by  thia  method  the  ixjlciring  orgttiLtc  xnat* 
Ivr  of  wvi^ml  ilolciinites,  assumeK  that  58  parta  of  carboit  ooirreKpond  to 
too  parts  of  oi^ganic  Hubatauc^  (hunoJe  acid), 

fM  If  ihm  rmidm^  contains  pyrUc*^^  fuse  another  portioa  of  it  with 
c^rbcumtr  of  soda  and  nitrate  of  potassa;  macerate  in  water^  add  bydn>^ 
ohloric  tvcid,  cvap(trat4;  to  drjaesSy  moisten  with  hydrcichloric  a^id,  g^i^^7 
bwil  with  watBT^  ^tar^  de(«REilfM»  fh&  ivil|>liiiri€  add  in  the  ^UaA«,  and 
^'^t*^****^  irtmi  the  fi^uli  the  amomii  ol  pjiit^fl  ptivetat,! 

^  Autii^fw  ^/  ihi  S^iirackJhnc  Acid  Sduthfi^ 

Mttke  th«  noluiiau  up  to  I  litr^ 

ss.  For  the  determliiatiou  of  tbe  9Sieie  aeui  that  haa  paned  toto  solu- 
tiou,  and  of  tht*  har^tm^  OrwUiA^  ^ufmna^  mftH^nf^,  »rof»,  aod  £*«•- 
^i^kimc  meiti^  vvny^fnX^  dOO  c.  c,  a^  di^  the  re^adue  at  lOCt — -1 ICP,  ^^at 
thr  dry  inaiBS  ^n  order  to  separate  «iUdc  acid,  ^c.  (precipitate  LK  ^^ 
bydrxfohL^rie  4*cid  and  water,  boil  tlie  solntiou  with  nitric  a^d,  add  am- 
inoiiia^  bi>il  till  the  excess  of  ammonia  has  escaped,  filter,  wash  sli^tly, 
dissol\-e  on  the  filter  with  hydrochloric  acid,  reprecipitate  in  the  same 
manner  with  ammonia,  and  filter  off  precipitate  II.,  whidi  contains 
sesipiioxide  of  iron^  «S:c.  Digest  the  united  filtrates  in  a  nearly  filled 
aiHi  chvseii  fiask  with  sulphide  of  anunonium  in  a  slightly  warm  place 
for  24  hours,  then  filter  ofl'  precipitate  III.  This  consists  principally  of 
sul|diide  of  manganese ;  it  is  to  be  washed  with  water  containing  sol- 
idiide  of  ammoiiixun.  Precipitate  the  filtrate  with  carbonate  of  ammo- 
nia and  ammonia^  allow  to  stand  24  hours,  and  then  filter  ofiT  precipitate 
IV,,  which  consists  for  the  most  part  of  carbonate  of  lime,  and  is  to  be 
washed  with  water  containing  ammonia.  Eraporate  the  filtrate  in  a 
porcelain  ilish  to  dnniosss  project  the  residue,  little  by  little,  into  a  red 
hot  platinum  dish,  dri\-e  off  the  ammonia  salts,  moisten  the  residue  with 
hy\lnx"^k^ric  acid»  disesolve  it  in  water,  and  boU,  with  addition  of  pure 
milk  of  lime^  to  strongly  alkaline  reaction.     Filter  off  precipitate  T., 

*  JvM&ra  1  prakt  Omol  6S,  1»1 

f  i\>m|>az«  FNHahoKdk  W  <ir,  ;  Sbefaaoi  (Compt  md.  33,  €81) ;  DeriDe 
(i\>aipt.  Tv^mi  3T,  1001 ;  Joom  t  piakt  Cheaa.  62,  81);  Roth  (Joqzb.  1  pcakt. 

t  \t  tW  r«>e»thgie  coBtaias  mtpKate  of  bairta  or  «twitia>  these  eoaapoanda  ai« 
KvriMipd  4^pM:ft  uti^vk  eTa|<«i>nilii^  the  soaked  auMB  with  hydrodilonc  acid ;  they 
UNRM^  acvwriu^  on  «li^  &her.  whilst  the  aalphanc  add  focmed  bj  tke  sa^pbai 
<rf  iW  p^hi«M  i^As^Mi  iawi  the  ftisiala. 
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wLifli  is  compofual  of  mapinsia  and  the  excess  of  lime,  wash  it,  precipi- 
tate the  filtrate  with  carbonate  of  ammonia  and  aiuixionia,  and,  after 
long  Btandini^,  filter  off  precipitate  VLj  which  ia  to  be  washed  with 
water  contaiDuig  ammonia. 

PrempitMr.  L  consists  principally  of  silicic  ficid.  It  may  also  contain 
sulphates  of  baryta  and  struutia.  Treat  it  in  a  platinum  dish  with 
hydrofluoric  acid  and  a  little  sulphuric  acid,  evaporate  to  dryness,  and, 
if  necessar)%  repeat  this  operation.  Should  a  i*eaicluo  remain,  fuse  it 
with  a  small  rjuantity  of  carbonate  of  soda,  treat  with  water,  filter,  wash, 
dissolve  in  hydrochlotic  acid,  and  precipitate  the  solution  with  sulphuric 
acid.  When  the  precipitate  has  settled  filter  it  from  solution  a^  and 
waslu  8t<ip  up  the  tutn^  of  the  funnel,  Hud  fill  tbe  hitter  with  solution 
of  carbonate  of  ammonia,  allow  to  stand  12  hours,  open  tbe  fuunel  tube, 
wa-sh  tbe  residue  first  with  water,  tben  witb  bydrochloric  acid  (solution 
&),  finally  again  vd\}\  water,  and  then  wt*igh  the  pure  residual  sulphatve 
of  har^/ta.  Mix  the  united  solutions  a  and  b  witb  carbonate  of  am- 
monia and  ammonia,  allow  to  stand  some  time ;  if  a  precipitate  forum 
(which  may  contain  carbonate  of  strontia)  filter  it  off,  dry,  and  add  to 
prt?cipitate  IV. 

Prticipitute  IL  conaiats  principally  of  sesqnioxide  of  iron ;  it  contains 
also  the  alumina,  and,  provided  there  is  enough  iron,  tbe  whole  of  tbe 
phosphoric  acid.  Dissolve  in  hydrochloric  acid,  add  pure  tartaric  acid, 
and  then  ammonia.  Having  fully  convinced  yomself  that  no  |uecipitate 
ifl  formed,  preci|utate  the  iron  with  sulphide  of  animoninm  in  a  small 
flask,  which  must  be  nearly  tilled  and  clos*;'d,  allow  to  stand  till  the  fluid 
appeal's  of  a  pure  yellow  color,  filter,  wanh  with  water  containing  sul- 
phide of  ammonium,  ami  determine  tbe  itQii  afler  §  113,  2.  To  tbe  fil- 
trate add  a  little  pure  carbonate  of  soda  and  pure  nitrate  of  ^lotassa^ 
evaporate  to  drpiess,  fuid  ignite  till  the  residue  is  white.  Add  water 
and  hydj'ochloric  acid  till  the  whole  is  dissolved^*  and  precijntate  the 
clear  fiuid  with  ammoida.  If  a  precipitate  fonns  ( alumina  or  pbo.sphate 
of  alumina,  or  a  mLxture  of  botli),  filter  it  off,  and  weigh.  Mix  tbe  fil- 
trate with  a  little  sulphate  of  magnesia.  If  another  precijutitte  forms, 
this  time  consisting  of  Q^mmouuy-phosphate  of  magnesia  (wliich  is  to  be 
determined  after  §  134,  I.,  h.  a)  tbe  aluruina  precipitate  may  be  calcu- 
hkted  us  phosphate  of  ahtmimi  (Al^  0.„  P  0,,)»  If,  on  tbe  conti-ary,  no 
precipitate  is  formed,  the  pbos]»borie  acid  must  be  determined  in  tbe 
alumiiUA  precipitate  as  directed  §  134,  I.,  6,  iK 

Pncipitntfi  III,  consists  princijially  of  8iilphide  of  manganese.  It 
may  also  contain  traces  of  sul [(hides  of  nickel,  cobalt,  and  zinc,  car- 
bonate of  lime,  ikc.  Treat  with  modei'ately  dilute  acetic  acid,  heat  the 
filtrate,  to  remove  any  carbonic  acid,  add  ammonia,  precipitate  with  sul- 
phide of  ammonium,  allow  to  stand  124  hours,  and  detenu tne  the  man- 
ganeAf  as  protosulpbide  (g  l(Jl),  2).  If  any  residue  was  left  insoluble  In 
acetic  acid,  test  it  for  tbe  above-mentioned  metals.  The  fiuid  filtered 
from  tbe  pure  sulphide  of  manganese  la  to  be  mixed  witb  car  Inmate  of 
ammonia.     If  a  precipitate  forms  it  is  to  be  treated  witb  precipitate  lY. 

PrecipitMei*  IV,  V,  VI  Tbe  united  mass  of  these  precipitates,  to- 
gether with  the  small  portions  of  alkaline  earthy  carbonat<i  obtained 
during  the  treatment  of  precipitates  L  and  HI.  contain  the  whole  of  the 


*  I  may  remind  the  operator  that  the  rosidue,  which  contaloB  nltrio  acid,  can- 
not be  heated  with  hydrochloric  acid  in  a  platinum  dish. 


Btt  awouju  MBC  |§] 


i  and  ilia  whole  of  tlie  buTls 
IgrdbrocUoiio  Mid  Kdnlioii.    Ijniito  the  dried  ] 
Mfftioiis)  in  A  phtinum  crudliiB,  most  inftne 
Bf  thia  meani  aaj  oerboiiates  of  buyte  and  i 
iaa  ofttutio  slfttoy  and  a. jNurt^  ataUcrfenta^of  thai 
Uma  (Emoilbagh  *).    Boil  the  raaidiie  5  or  6  tin 
of  water,  pouring  w  theadliition  thioii|^  a  filter; 
tkn  with  hTdmhlorio  acid,  evaporate  to  drpmrn,  and 
portion  with  the  apeotroeoope-^thia  minute  portum  ia  r^ 
%o  the  leat    If  tiromiia  and  lime  alone  are  proaenti  m^ 
teSS.  Vbairtaiajmaent^aqMrafcethethrwaDDd^ 

U.  Ahhoum  it  la  poaaiUe  in  oa  to  teat  fiir  metak  ] 
anlphnretted  hydrogen  fisom  aoid  aolutiani  ^^•f  eopperi  a 
%o  aeteRDiiie  them,  atill  it  ia  more  eoniwuBiit  to  >n^f7  m  fraah  (^ 
of  the  hydroohlorie  add  adhition  for  thia  jrarpoae.  llie  iwiiwi|iilalii  oh- 
tained  b J  manng  the  gaa  into  thewannduute  adlntionia  waahedydriedi 
d  with  hiaolnhide  of  earbon.    If  a  reaidoe  xemaina  it  ia  to  ba 


cc    The  remaining  quarter  of  the  dilute  hydroohlorie  acid  aolution  ii 
naedfbrtheeatimationof  theaauKai.t    Mix  with  chlorime  water,  Ihm 


with  ammonia  and  oarbonate  of  ammonia ;  after  allowing  the  mixtane  tp 
■land  for  aome  time^  filter  oflT  the  predpitate,  en^Mnte  the  filteale  to 
dijuiJB^  Ignite  the  leaidue  in  a  platinum  diu  to  remote  the  *»«"»««» 
Mlts  and  finaUy  aepaiate  the  magneaia  from  the  alkaliea  aa  dizeeted  p. 
S45,  IS.  The  reagenta  muat  be  moat  carefuDy  teated  for  fixed  alkafia^ 
and  the  uae  of  g^aaa  and  pwodain  Teaaeb  avoided  aa  for  aa  peaeticrfJa 

Should  the  limcetone  contain  a  sulphate  soluble  in  hydroohlorio  arid, 
piMpilat^  the  sulphuric  acid  by  a  small  excess  of  chloride  of  barium, 
idlow  to  wttK  and  filter  off  the  sulphate  of  baryta  (which  is  to  be 
\ioTonuiiuxl  iu  tlio  usual  maimer)  before  proceeding  as  above  to  the  esti- 
UMtisui  of  tiio  alkalii's. 

V  As  c^oito  aiid  ara^-^nite  may  contain  Jluorides  (JenzschJ),  the 
jxvsaMo  i^rt'^niiV  of  fluorine  must  not  be  disregarded  in  accurate  ajoaly- 
Av  of  liuu>stout':^  Trt^at,  tbert^fore,  a  larger  sample  of  the  mineral  with 
A^vtio  aoid  until  Uie  carl^onate  of  lime  and  carbonate  of  magnesia  are 
dix\w;ivY*\i ;  ov*|H^nito  to  dryness  until  the  excess  of  acetic  acid  is  com- 
|\Vtxrl>  cvjvlKxi,  aiul  extract  the  residue  with  water  (§  138,  L).  We 
h*xx*  tbo  rtxiorino  in  the  residue.  If  it  can  be  distinctly  detected  in  a 
^v^rt5v^^\  of  the  ;»uut\|  the  dotormination  may  be  attempted  after  §  166, 5. 

<k  It  tho  Uuu^^tone  under  examination  contains  cMoride^^  treat  a  large 
»U'4>)^  miih  ik^itor  and  nitric  aoid^  at  a  very  gentle  heat ;  filter,  and  pre- 
c^titait*  th^  chlorine  from  the  filtrate  by  solution  of  nitrate  of  silver. 

i.  ll  W  «.>fWn  iuten:>$tiug  for  agriculturists  to  know  the  degree  of  solih 

•  5;K>w^nf^  f  aaa^yt.  OhenL  1,  474. 

«  tVf  KwywMt  wi^  of  awvitaiiiinir  wbetlier  and  what  alkalies  are  present  in  a 
>hry>4>rtv,-«M^  »»  tW  |«vx>M»  p^«n  by  £ag«Ibadli  (AnniL  d.  Cbem.  a.  Phaim.  tSS, 
^'  ^  '.&. .  '^pfci^^  a  |^>itx«  of  the  tritnxated  minexml  strongly  in  a  platinnni  cm- 
^tNV  ^^yc  )^  >«biSK  KmI  with  a  little  water,  filter,  neutralise  with  hydrodilorie 
»«<«^  feyvi^NlM)!^  wiUi  a»»Ktttt  and  caibonato  of  amnumia,  filter,  eraporate  the 
*!)m*r  V  wt^wvw  aaaa  «saniM  witli  the  tyectrospopa.     The  caibonate  of  anuno- 


Mi  |*i  iieiaMi  SM^  W  OTiswaarf  wiKk  hydmcUonc  add  to  diynesa,  and  exam- 


tai4  is  W»  MMMMT  fw  I«i7ta  ana  t 

"^        ^       \fl,lA  |8eeQiiaLijiaL§146,fi. 


m2.] 


ANA 


LnifiSTONES,  DOLOl 


52S 


bilitr  of  &  aaiDple  of  limestone  or  marl  in  the  weaker  solvents,  Tliia 
nmy  be  Afioertained  by  treating  the  g&nkple  tii^st  with  water,  then  with 
etic  ftcid,  finally  w^iili  bydrocMoiic  acid,  and  examining  each  solution 
tLe  reisidue.  The  analyses  of  mails  made  by  C»  Struckmann  *  wei^ 
done  in  tbia  manner. 

/.  To  efiect  the  separation  of  the  caustic  or  carbonated  lime,  in  hy- 
draulic limes,  from  the  siliciites,  DevilleI  proposed  to  boil  with  solution 
nitrate  of  ammotiia,  which  he  stated  would  dissolve  the  caustic  lime 
ad  carbonate  of  lime,  without  exercising  a  decompo4iing  action  on  the 
]icat€8.  GltnxingI  found,  however,  that  by  tlds  process  the  double 
silicates  of  alumina  and  lime  are  more  or  less  decomposed,  with  separa- 
tion of  silicic  acid.  As  yet  no  method  Ls  known  by  wliich  the  object 
here  stated  can  be  acooroplished  with  absolute  accuracy  ;  the  best  way. 
perbajja,  is  treating  the  sample  with  dilute  acetic  acid ;  C*  Knacsz  | 
recommends  hydrochloric  acid. 


B.  TOUIMETRIC  DETERJCniATION   OP   CaRBONATE  OF   Lll«  AlHJ   CaRBOST- 

ATE  OF  Maqnesla  (for  technical  purposes). 
§  222, 

a.  If  a  minei^l  contains  only  carbonate  of  lime,  the  amount  of  the 
latter  may  be  estimated  from  the  quantity  of  acid  required  t^  etfect  its 
decomposition^  the  method  desciibed  in  §  210  !>eing  employed  for  the 
purpose.  Or  the  carbonic  acid  in  the  minenil  may  be  determined,  say 
by  the  method  desctibed  p.  291,  cr,  and  I  ©q,  carbonate  of  lime  ^=  5Q 
calculated  for  each  eq.  carbonic  acid  =  22. 

It,  But  if  the  mineral  contains,  liesidrs  carbonate  of  lime,  also  carbo- 
nate of  magnesia,  the  results  obtained  by  either  process  give  tlie  quan- 
tity of  carhonate  of  lime  -f  cai-bonate  of  magneftda,  the  latter  being  ex- 
pressed   by   its  equivalent  quantity  of  carbonate   of  lime  (i.«.,    50  of 

rbonate  of  lime  for  42  of  carbonate  of  magnesia).  If,  therefore,  you 
ire  to  know  the  actual  amount  of  each,  you  must,  in  addition  to  the 
above  determination,  estimate  one  of  the  eortlis  separately.  For  this 
purpose  one  of  the  two  following  methods  may  be  employed  : — 

1.  Mix  the  dilute  solution  of  2 — 5  grm.  of  the  minei-al  with  anmio- 
jiia  and  oxalate  of  ammonia  in  excess,  allow  to  stand  for  12  hours  and 
then  filter.  Ignite  the  precij^itate  of  oxalate  of  lime,  together  with  the 
filter,  and  treat  the  carbonate  of  lime  produced  as  directed  §  210.  This 
prooesB  gives  the  amount  of  Lime  contametl  in  the  analysed  mineral ; 
the  difference  between  tliis  and  the  former  result  gives  the  carbonate  of 
lime  wliich  is  e<:|uivalent  to  the  amount  of  carbonate  of  magnesia  present. 
To  obtain  perfectly  accurate  results  by  this  method,  repeated  precipi- 
tation is  indLs()ensable  (see  g  154,  5,  a), 

2.  Dissolve  2 — 5  grm,  of  the  minenil  in  the  least  possible  excess  of 
hydrochloric  acid,  and  add  a  solution  of  lime  in  sugar  water  as  long  as  a 
precipitate  forms.  By  this  o|)eration  the  magnesia  only  is  precipitat- 
ed. Filter,  wash,  and  treat  the  precipitate  as  directed  §  210  ;  the  result 
represents  the  quantity  of  the  magnesia.     Deduct  the  quantity  of  oar* 


•  AjmaL  d  Chem.  n.  PhamL  74,  170. 

(Com[it.  rend,  37,  1001  ;  Joiim.  1  prnkt  Ohom.  ©3,  8L 
Joura.  t  prakt.  Chem.  62,  318. 
Qewerbcblatt  aua  Wurtembexg,  1855,  Nr.  4;  Gbsm*  CentialbL,  1855»  241 


of  water 
eraponte  onl 
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*  ^  «-Yf»  3i  iBkoe  T-ohuDetncftDj.  on  portions  < 
:€  i«ccida  After  previous  rmluction 
ofszii.  or  dzncKT  !■-  inrrtTtni  sc^ntioii  of  hjposalphite  of  sod 
^  ii  'juut  of  SiiiajEXL  t^  latter  mecliod  iniist  be  employed 
'  3»  jmnLLy  rrcbuted  br  rinc,  as  shown  bv  the  purp] 


Z.    £ir3LA=M9  CC  lBL>9r,   MjkSGASESE,   SlUCA,  AlO)   PhOSPHOB 

TW  ICY  t  crm^  >  tt  ihixed  with  carbonate  of  soda  as  describ 
il  111"  11  ml  ix  tfihite  salphviic  add,  evaporated  and  heated  until 
BU  b««iiL  to  appear,  treated  with  water,  and  filtered 
TW  £itnse  is  diluted  or  concentrated  to  200  c.  c.  anc 
psnioiis  of  f  5  c.  c,  by  hyposulphite,  p.  203.  I 
r.  ^  d»  irsB  k  tkrown  down  by  acetate  of  soda,  p.  123,  «. 

Jfmm^^mtme  i»  esdmated  in  the  filtrate  by  precipitation  with 
7^  IM.  <  mmi  if  tht  quantity  be  lai^,  by  subsequent  conver 
7yrv-y^-wnr4rtip     IW  operator  must  not  omit  to  satisfy  himsel 
c:cLf»*e9e  aefiar  -  -  nese^  by  timtmg  the  elear  Liquid  o 

w:ii  Ifraadne  -^^  _„„..^,  If  th©  ^Jntion  is  or  bf^otn«4 
ttddj  nearly  ne  atr^iiro  it  witli  carboniite  of  £od&  befbre  lidd 
n^ixkf.  Tlie  fii  '  '^llfrate  from  the  broB^^'Tf'^  f  ^^ipittLtea  ^lotiM 
tnliwd  withai  ia  Hntl  tested  with  m  >f  amiuom^iiOj] 

in  order  to  be  i^i  inin  of  the  oompltife  ]*r#.i  jjuui  .i.»n  of  manjz 
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Pfmnphoric  add^  if  present,  exists  in  the  precipitate  bj  acetate  of  soda. 
This  is  dissolved  in  nitric  acid^  dilntecl  to  200  c.  c,  and  precipitated  hj 
means  of  molybdenum  solution.  Tlie  phospliorie  acid  in  weighed  as  py- 
ropliosplmte  of  magnesia.  Tlie  directions  found  on  p.  27 1  must  be 
Btriotly  followed.  If  arsenic  acid  be  present,  this  must  be  removed  by 
paftBing  Bulpho retted  hydrogen  at  70"^  through  the  Kulphuric  solution, 
which,  after  removal  of  the  sulphide  uf  ai-senicj  niusii  be  heated  with 
nitric  acid  to  peroxidize  the  iron. 

C,  Estimation  of  Sulphi^r* 

In  presence  of  pyriteH  hme  the  ore  (I — 3  grm.)  with  thrice  ita 
weight  of  carbonate  of  soda  and  nitre,  both  free  from  sulphur,  in  a 
porcelain  dish,  acidulate  with  hydrochloric  acid,  evajmrute  to  dryness 
over  the  water-batii  to  separate  silica,  and  pi^cipitate  with  cliloride 
of  barium.  To  ]>urify  the  BaO  80^,  when  yellow  from  presence  of  iron, 
fiise  it  with  carbonate  of  soda,  extract  the  fused  mass  with  water,  aci- 
dulate tho  jwjueous  solution  (filtered  off  from  Fe-j  0:^  and  BaO  CO^)  with 
hydrochloric  acid,  and  precipitate  again  with  chloride  of  barium, 

D.  Estimation  of  Titanium, 

Titjiniura  ia  estimated  in  1 — 5  grm.  of  ore,  which  fihould  W  fused 
with  Boda,  the  fused  mass  dissolved  in  excess  of  sulphuric  acid,  evapo- 
rated to  dryness  cautiously  in  an  air-bath,  the  heat  being  gradually  rais- 
ed until  the  bisulphate  of  soda  formed  passes  into  fusion  at  a  low  red 
heat.  Cover  the  cold  masa  with  cold  water,  let  stand  a  number  of  hours 
until  it  IB  thoroughly  softened  and  dissolved,  dilute  to  500 — 700  c.  c, 
filter  off  from  ailica,  add  bisulpliite  of  soda  to  reduce  the  iron  to  pro- 
toxide, heat  to  boiling  for  an  hour  or  more,  replacing  the  evaporated 
water,  and  adding  bisulphite  of  soda,  or  Holutioo  of  sulphuroua  acid, 
from  time  to  time.  The  titanic  acid  is  tlien  thrown  down  completely, 
provided  too  much  free  sulphuric  acid  be  not  present.  Filter  and  waah 
with  hot  water.  To  the  filtrate  and  waKhinga  add  more  sulphuroua  acid, 
or  sulphite,  anil  if  strongly  acid  nearly  neutralize  with  carbonate  of 
fioda,  and  boil  for  thirty  minutes  longer  ;  lilter  off  any  additional  preci- 
pitate, and  repeat  the  opeiiition  &h  long  as  titanic  acid  separates.  Test 
100  c.  e.  of  the  la»t  filtrate  by  concentrating  with  sulphuric  acid  and 
zinc,  to  be  certain  that  all  titanic  acid  la  precipitate<h  The  impuni 
titanic  acid  thus  obtained  is  ignited  and  weighed,  »ee  p.  178.  It  is 
then  i-edisaolved  by  fusion  with  bisul|ihate  of  soda,  and  tre^itment  with 
cold  water,  and  either  repreci  pita  ted  by  iHiiling  its  solution,  mixed  with 
sulphurous  acid  as  before,  in  order  t-o  obtain  it  free  from  ii'on,  or  the 
iron  may  be  determined  volumetrically  in  the  sohition  by  meana  of 
Ii3rp06ulplut«)  of  soda,  p.  203,  3,  &,  and  the  titanic  acid  estimated  by  dif- 
fbronce*! 

12.  Assay  of  Copper  OttEs.* 

§  224. 

A.  MoEB'S  Method  for  Oxides^  SUicaUs,  and  CarhofMtuof  Copper, 

Powder  the  ore  finely ;  if  rich,  take  1  grm.,  if  poor,  3  grm.     Treat  in 


♦  See  alao  Steiwreck*s  Method,  Chemical  Kews,  ▼.  19,  p.  207,  and  LucKOW'f 
Mttbod,  idism.  p,  22t. 


6M  traoKAL  Mar.  |f 


I  dUiof  10  cnkdiMiietariPilli  I 
nibie  add,  ooror  the  didi  ^th  a  lam  i         ^ 
As  aoon  as  the  maH  is  nearij  dtj  and  oeaaea  to  apixt^  i 
ifiam  and  incpeaae  the  flame,  maintaining  aa  alaimtad 
no  move  ftunea  eaoape;  allow  to  oool,  add  dJatilVriJ  irater,  heift  to  boObi^ 
filtsr  into  a  amall  |»latiniim  dish,  irash  with  hot  water,  empo— 1»  As 
washings  and  transfer  them  also  to  thai 


i^g  made  quite  sore  that  the  residae  insofadde  in  water  gi:vea  vip  no  eop- 

eto  acida — precipitate  the  copper  with  siim^  after  p.  239,  8,  ai^  Iht 
t4ed  colw  of  tiie  eopper  is  an  indicatjon  of  ita  pmitj.  It  will  ba 
aeen  that  we  have  in  Tiew  m  this  pcooesB  the  TCSBOival,  aa  fiv  aa  poaafah^  s( 
Ihe  metabpree^pttablebir  sine,  vu.:  lead,  antiflMmf,  and  tin.  [Anas 
18  not  foDj  removed,  and  in  tliia,  aa  in  Ihe  fiallowipg  ptuuesBM^— sthi, 
aepMatedhyanlphideof  aodinm,    U8»P»SS9.] 

[B.  Gona*  MeOMfar  Ai^pUdm^ 

Mixlhefindlypohwriaedoreinaporeelaincgmihlowitk^     i  tiimniii 

wdi^t  of  a  miztore  of  10  paria  of  nitre,  and  U  narta  of  hiaaUnte  af 

potadL    Heat  the  whole  slowlj  to  low  redness    teat  in  m  araflsL    Ha 

anlphidea  are  completely  oxidiaed  without  tnASag,    Add  enoii|^  ssl- 

euric  add  to  convert  all  the  snlphate  af  potaah  into  hianlphatie,  nd 
It  i^un  carefully  nntfl  the  contenta  of  ike  cniieifale  lime  to  a  ehv 
maas.  Diasolve  in  water,  filter  firam  siliea»  ete^  and  prefl^state  the  eop- 
per aa  deacribed  p^  229, 6.] 

[a  SiouE  AXD  PB4Baoa^  MeAodfir  MpMtlmf 
Hie  ore,  2 — 5  gnn.,  is  pnlvcriaed  and  mixed  with  its  holkrf  powdcwd 
chlorate  of  potash  in  a  porcelain  dish,  and  covered  with  a  watcli-|^bsB  or 
invert^  funnel ;  add  nitric  acid  of  ordinaiy  strength,  rather  more  thsa 
would  be  sufficient  to  cover  the  powder.  Heat  to  gentle  ebuUition,  add- 
ing from  time  to  time  chlorate  of  potash,  if  needful,  until  the  sulphur  is 
completely  oxidized.  Rinse  the  cover  into  a  separate  beaker.  When  the 
ci-^ntonts  of  the  porcelain  dish  are  cold,  add  a  quantity  of  strong  hydro- 
chloric aciiL  rather  larger  than  the  quantity  of  nitric  acid  first  employed; 
eva(K>rate  the  whole  to  dryness,  to  render  silica  insoluble.  Treat  the 
residue  wirh  water,  and  mix  the  whole  with  the  rinsings.  Heat  the  liquid 
nearly  to  boiling,  and  add  strong  solution  of  protosulphmte  of  iron, 
slightly  acidulated  with  sulphuric  acid ;  keep  the  whole  hot  until  the 
cv^nteuts  of  the  beaker  become  almost  black,  and  no  more  gas  is  disen- 
S*g^Hi. 

When  the  nitric  acid  has  been  reduced  by  this  treatment^  filt^*  into 
a  wide  beaker  and  precipitate  by  a  dean  sheet  of  iron,  or  by  a  flat  coil 
of  iron  wire.  Wash  the  metallic  copper  with  water,  then  with  alcohol, 
and,  if  need  be«  ignite  it  in  a  current  of  hydrogen  before  weighing. J] 

[*  Am  JoQziL  Sci,  xKt.  212.] 
,♦  Am.  JouB.  ScL.xlTiii  194.] 

'  t  Tbe  precxpttttkA  by  izon  racceedi  wdl  when  iron  can  be  obtained  whidi 
dMMtre*  m  dOuieacid  without  the  tepaaftioii  of  black  paitSdes  or  tkakm  in  wdgh- 
ahtoqaaui^.  If  tt^eofper  nlutiQn  he  cold,  dilute,  and  neazlTiievtnlwlMB  the 
uoa  ii  am  plaecd  ia  it^  Uw  copper  has  little  adhenon  to  tlieiimi,  anl  maj  be  v^^ 
■a  H  fcr  tt«  pupow  of  wejghipg.  H  aa  aoon  aa  the  inm  ia  coated 
JgOwRMmic  acid  iSOcl  e.>  be  added,  and  the  whole  be  heated  to 
fatoa^aBdauuitainedat  that  tea^ieiaime,  but  without  cboffi- 
eff  tt«  capper  ii  deponted  aa  a  apoqgj  coherent  maaa,  whkh, 


!  226.] 
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13.  Analysis  or  Galena. 

§  225. 

Tkia  is  tlie  most  widely  spread  of  the  lead  ores.     It  frequently  con- 
larger  or  smaller  ciimatitifs  of  iron,  copj^er,  and  silver,  occasion- 
By  traces  of  gold,  auil  cuttimonly  »,l8u  more  or  less  gangue,  insoluble  in 
acids. 
_   Reduce  the  ore  to  a  fine  powder,  and  dry  at  100**. 

Oxidize  a  weighed  quantity  (1 — 2  gnn/)  ^ith  highly  concentrated  red 
nitric  acid,  free  from  chlorine  and  suli>luiric  acid  (see  p.  326). 
For  this  purpose  use  a  capacious  flask,  covered  duriiig  the  oj»eratiou  with 
a  watch-glass  j  do  not  put  the  tube  in  which  the  powder  was  weighed 
'  into  the  flask.  If  the  acid  is  suilicieDtly  strong,  the  sulphur  will  be 
fully  oiddixed.  After  you  have  warmed  geutly  for  a  long  time,  atJd  3  or 
4  c.  c.  pure  concentrated  sulphuric  acid,  which  you  have  previously  di- 
luted with  a  little  water,  and  heat  on  an  iron  plate,  till  all  the  nitric 
acid  is  evafM:*rated.  I>ihite  with  water,  filter,  wash  the  residue  with 
water  containing  sulphuric  acid,  and  displace  the  latter  with  alcohol. 
Collect  the  alcoholic  washings  separately, 

a.  Dry  the  residu^^  ignite,  and  weigh  (§  116,  3),  It  consists  of  sul- 
phate of  lead,  gangue  undecompo«ed  by  the  acid,  silicic  acid,  *kc.  Heat 
the  whole,  or  a  fractional  part,  with  hydrochloric  acid  to  boiling;  let 
the  insoluble  matter  subside,  and  then  decant  the  sujmrtmtant  clear 
liquid  on  to  a  filter ;  pour  a  fresh  |x»rtion  of  hydracUoric  acid  on  the 
residue,  boil  again,  allow  to  subside,  aud  decant,  and  rcfieat  this  oj>era* 
tion  until  the  suljjhate  of  leati  is  completely  dissolved  ;  finally,  place  the 
residue  on  the  filter,  and  wash  with  l>Diliiig  watc^r  until  every  trace  of 
chloride  of  lead  is  removed  ;  dry,  ignite,  and  weigh  the  r^sidu^.  Sub- 
tract the  weight  found  from  that  of  the  original  residue :  the  difference 
expresses  the  quantity  of  «ulplmte  of  lead  which  the  latter  contained- 
Instead  of  using  hydrochlonc  acid,  the  sulphate  of  lead  may  also  be  dis- 
solved by  heating;  with  an  aqueous  solution  of  tartrate  or  acetate  of  am- 
monia and  caustic  anmiouia ;  or  it  may  be  first  converted  into  carbonate 
uf  lead,  by  digestion  with  solution  of  carbonate  of  soda,  waslie<l  and 
dissolved  in  dilute  nitric  acid. 

h.  The  mdphitric  acid  9dutkfn  is  fi-ee  from  any  weighable  trace  of  lead, 
if  the  process  has  been  properly  conducted.  It  contains  the  metals  pre- 
sent in  the  ore  in  addition  to  lead.  First  add  some  hydrochloric  acid, 
to  precipitate  the  ^ilvrtr^  if  pr^ent.  If  a  turbidity  or  precipitate  is 
formed,  keep  the  fluid  for  some  time  in  a  warm  place,  till  the  cliloride 
of  silver  has  subsided.  The  latter  is  filt^?r*?d  olF  and  may  be  detei-mined 
after  §  1 15,  1.  In  the  case  of  very  small  quantities,  I  prefer  to  incin- 
erate the  filter  with  the  preci]>itate  in  a  porcelain  crucible,  to  ignite  the 
residue  for  a  short  time  in  hydrogen,  to  dissolve  the  trace  of  mel^illic 
silver  in  nitric  acid,  to  evaporate  the  solution  in  the  crucible  to  dryness, 
to  take  up  the  i^esidue  with  water,  and  to  estimate  the  silver  in  the  solu- 
don  by  PiSANl's  method  (p.  215). 

with  care,  may  be  removed  from  tbc  iran  and  washed  without  falling-  to  pieces 
or  oxidiziug  (see  p,  229,  2,  a,  for  details  of  woHhing).  If  the  copper  should  be 
difficult  to  collect  bj  deoaQtation,  it  may  be  gathered  on  a  small  filter,  and,  after 
bamixi^,  the  latter  may  be  either  rcdaood  by  hydrogen  or  catdued  to  oxide  (n. 
829,  bottom).] 


5S8  SPECIAL  FA«T, 

Predpttttte  tb«  fluid  filtered  from  tlie  eblodide  of  silver  with  sdplm- 
FBtteil  bjdrogen.  Tb«  pedpitote  gemendlj  contains  a  Utile  Muiphide  &f 
epppWf  ooca^iorxally  ako  other  mdphidet,  Sefmrat^  theee,  as  well  as  t}i« 
mt^tab  in  the  filtrute,  which  aire  precipitable  hj  sulpliide  of  anunjomnm 
{iten^  ^tW,  A^,),  aecordbig  to  the  methods  of  ^Se^tioix  Y. 

The  foregoing  method  does  not  enable  the  nfsiijer  to  determine  perj 
small  quantities  of  ailrer*  and  the  trifiing  ti:mee«  of  gold  wbidi^  accord* 
ing  to  PEEtnf  and  BiitTH,f  ai^  oiten  found  in  galena.  To  efleet  thh,  it 
M,  in  the  first  place,  necessary  to  produe©  a  button  contAJning  the  whok 
or  pari  of  the  lead  of  the  galena,  and  tba  whole  of  the  silver  and  gMf 
and  then  to  sefi&rat^  the  latter  metab.  This  is  accomplijGJied  aa  deacriWl 
iii|22eand§22L 

[For  the  estimation  of  the  milp^wr^  take  a  fresh  portion  of  th®  ptth6^ 
ized  ore  and  bring  it  into  solution  by  methtxl  C,  p.  526,  &lter  from  silica, 
in  prraence  of  iron,  add  a  lump  of  polid  tartaric  acid,  precipitate  hot  bj 
chloride  of  barium,  and  wash  by  decantation  lii^t  with  hot  water,  an^ 
finally  with  dilute  Bolutiou  of  acetate  of  ajnuionia,  Th&  tartaric  acid 
prevents  precipitation  of  iron,  the  acetate  of  animonia  piiriBca  the  pro* 
cdpitate  £^m  alkali  and  baryta  ^td. — Stor£e  and  Phabson.J] 

[14.  SiLVB»  Assay, 
§  ^26, 

A*     Ores  Fooe  m  Sjlyee. 

1»  Pr^paraiWfntyf  tJm  Ore.  The  well-sampled  ore  is  pulverbed  and 
passed  through  a  sieve  with  60  to  80  holes  to  the  linear  inch.  If  par* 
tiele.'^  of  metallic  silvor  or  mailable  ore  remain  upon  the  sieva^  they 
must  be  assayed  separately. 

Thefiuxes  required  are,  1,  Assay  lead^  prepared  by  shaking  melted 
lead  in  a  wooden  box  and  sifting  through  meshes  of  ^^  inch  ;  2,  £orax 
or  borax-glass/  and  3,  Quartz  sand  or  powdered  glasSy  to  form  silicates 
with  the  metallic  and  earthy  oxides,  and  also  sometimes  to  prevent  the 
oxide  of  lead  fix)m  destroying  the  scorifier.  The  proportions  of  the 
fluxes  vary  with  different  ores,  and  should  be  sufficient  to  form  a  liquid 
slag  and  a  lead  button  of  convenient  size.  The  addition  of  too  mudi 
borax  will  envelop  the  metallic  lead  before  sxifficient  oxide  of  lead  is 
formed  to  decompose  the  silver  compounds. 

Ckdena  reqiures  6  parts  lead  and  no  borax  ;  quartzose  ores  about  8 
parts  and  no  borax  ;  blende,  mispickel,  and  pyrites  about  16  parts,  and 
J  to  1  part  borax ;  copper  and  tin  compounds  20  to  30  of  lead,  and 
nickel  and  cobalt  even  more  ;  nickdspeise  16  parts  of  lead  and  repeated 
scorifications ;  ores  containing  caldte,  dolomite,  barytas,  or  fluorspar,  8 
parts  of  lead  and  12  parts  borax  or  glass.  In  case  of  doubt  as  to  the 
nature  of  the  ore,  begin  with  8  parts  of  lead,  and,  if  the  fusion  is  not 
good,  repeat  with  a  larger  proportion  of  lead. 

*  Argentiferous  galenas  generally  contain  only  between  0-08  to  0*18,  xaxaly 
above  0'5g  silver ;  and  a  great  manj  contain  far  leas  than  0-08^. 

t  PhiL  Mag.,  Vn.  126.  X  Am.  Jour.  Sd.,  XLVm.  IML 
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2.  )ScariJt4!aiwn,  The  objecte  of  this  process  are  to  concentrate  all  the 
silver  in  &  leadhtitton,  to  decompoao  the  sulphides,  etc.»  and  to  dissolve 
and  slag  off  eartliy  and  other  substances  by  means  of  the  oxide  of  lead 
formed. 

In  this  process  all  the  sulphur  of  the  htsavj  metallic  sidphides  passes 
off  finally  as  sulphuroUM  acid.  Sulphides  of  the  alkalies  and  of  the 
alkaline  earths,  if  present,  are  oxidized  to  sulphates, 

Ch/irf/e  and  J^UHwn.  2  to  4  grammes  of  the  sampled  ore  are  mixed 
with  half  the  assay  lead  required,  placed  in  a  scorifier,*  and  covered  with 
the  remainder  of  the  assay  le^id.  If  borax  is  used,  it  is  bent  placed  on 
top  of  the  a^ay,  but  glass  should  l>e  mixed  with  it.  The  charged 
sconiier  is  placed,  witli  help  of  suitable  tcnngs,  in  a  red  hot  muffle.  (If 
no  mullle  ia  at  hand,  the  funion  may  be  made  in  a  large  HcHsian  cruci- 
ble, which  in  laid  on  its  side  on  a  good  bed  of  coals,  and  |>artly  covered 
with charcoiU.  The  mouth  can  be  closed  with  a  crucible  cover.)  A  piece 
of  glowing  charcoal  is  placed  on  or  by  the  scoritier,  the  month  of  the 
muHle  is  close<l,  and  the  heat  kept  up.  The  lead  soon  fijses,  and  the 
ore,  being  lighter,  floats  on  the  surface  and  roasta.  From  the  apjiear- 
ance  of  the  fumes  the  assayer  can  frequently  judge  of  the  natui-e  of  tho 
ore;  sulphur  giving  light  gray,  zinc  thick  whit-e,  arsenic  grayish,  and 
antimony  bhiish  fumes.  After  15  to  20  minutes  tlie  a^say  bus  melted 
down,  and  a  fluid  slag  has  formed  at  the  periphery  of  tlie  glowing 
metal ;  the  latter  meantime  gives  off  fumes  of  oxide  of  lead.  With  diffi- 
cultly fusible  ores  it  may  require  30  minutes  ft^r  complete  fusion,  and  even 
then  it  may  \ki  necessary  to  add  more  lead  or  borax.  The  latter  should 
bts  wrapp**d  in  stitl'  paper  and  placed  on  the  assay  with  tongs.  The 
^jpBper  keeps  the  borax  from  contact  with  the  assay  till  its  water  is  driven 
afi^  thus  preventing  a  loss  by  sputteting.  If  the  ore  contjuns  much 
zinc,  it  L*  lietter  to  volatilize  this  metal  by  covering  the  scoiifier  with 
glowing  coals,  closing  the  raultie  and  increasing  the  heat,  as  oxide  of 
ainc  forms  a  stiff  slag.  The  muffle  is  now  opened,  and  the  slagging  is 
allowed  to  proceed  at  a  temperature  just  high  enough  to  keep  the  lead 
bright.  A  high  heat  hastens  th**  process,  but  causes  a  loss  of  silver  by 
oxidation  and  volatilization.  'Wlien  the  slag  oovera  the  button,  the 
heat  is  increased  for  a  few  minutes,  in  order  to  separate  any  metallic 
lead  which  may  be  mechanically  mixed  with  it.  Tlie  assay  is  now 
poured  into  a  casting-plate,!  previously  warmed,  to  exjiel  the  moisture. 
If  no  casting-plate  is  at  hand,  the  assay  may  be  allowed  to  cool  in  the 
flcorifier. 

The  button  should  separate  easily  from  the  slag,  and  must  be  per- 
fectly malleable.  It  is  entirely  freed  from  adhering  shig  by  hanmiering 
into  a  cubical  mass,  and  is  then  re^y  for  the  process  of  cupellatiou, 
unless  too  large,  in  which  ca»(3  it  must  be  rt?duced  in  bulk  by  reheating 
on  a  fresh  scorifier.  If  the  button  \m  hard,  or  contain  much  metallic 
copper,  more  lead  and  borax  are  added,  and  the  process  is  repeated* 
In  general  it  is  better  to  carry  the  scorifi  cation  as  far  aa  possible,  since 


*  A  oup  of  baked  clay,  to  be  had  of  dealers  In  apparatus, 

t  The  <»sting-plate  is  a  plate  of  sheet-copper  wiik  a  handle,  and  13 — 30  oup- 
•haped  depressions,  each  t^  Inch  wide  and  |  inch  deep  «  it  is  convement  when 
several  aKSAys  are  carried  on  together.  The  cij[i«  are  rubbed  with  chalk  to  prie- 
vent  the  button  from  adhering. 

34 
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«sp«riioee  liss  dhovn  tbat  t2i«re  Is  le»i  lorn  of  alY«r  la  nooH&c&tlmi 
tilftn  In  ciipellatiocL. 

3.  Cwpkiaiian  (|  tC»3,  10;  Igf).  Tbii  proocn  oanasto  in  Ibe  o«- 
dfttacm  ol'  tlie  le^  on  a  bone-ash  ciipel,*  whicli  absorbs  the  oxide  d 
lead,  lesT^  laetaUie  mWer, 

llie  enpel,  after  the  dust  b  blown  oni,  is  placed  in  a  mn^  and  b«atf^ 
to  redness  to  exp>l  the  moi^m^  If  thbl  precaution  be  negkcted, 
the  escaping  vap<>r  CMnses  a  loot  of  the  alloj  bv  simttering.  Th« 
argeutileit^ns  tettd  ts  ^aurfnlly  placed  od  the  cnpel,  a  piece  of  glowicg 
fltefOOiJ  ift  kid  near  it^  the  mouth  of  the  mnffle  is  elased,  and  the  whde 
it  llimghl  prompt  Iv  to  fnsion.  If  it  is  not  qnicki/  fused,  part  idee  of 
the  Aseikj  are  Eab]e  to  stick  to  the  sides  of  the  cupel,  camdtig  a  k»5.  Am 
wtxm  a«  the  »ss^j  hma  "  cleared, ^f  the  muffle  should  be  opened,  ihe  char- 
fwd  reanoYvd,  and  the  heat  lowered  neftr  the  ^ssxr^  either  bj  clo^mf 
the  draughiB  or  moving  the  cupel  nearer  the  month  c^  the  mn^, 
IW  oxidation  should  mow  be  c&rried  on  »!  at  low  a  beat  »s  possible^  m 
m  hi^  heul  incretaes  the  volatili^Eation  of  the  s£i%'^  idong  with  tUt 
Lead.  If  the  lempenliKre  is  right^  imperfect  erystals  of  oxide  «f  letd 
fbriD^  and  the  famm  riee  to  the  middle  of  the  muffle ;  but  if  the  fWm«si 
difli^ypear  tnunediately  above  the  eupeL,  whil;gt  the  l&tter  is  at  a  boiglti 
red  heat^  and  no  crystals  form^  the  heat  is  too  high.  11^  on  the  other 
hand^  the  cupel  is  dark  brown,  and  thick  fnmet  rise  to  the  top  €si  thft 
flmffie^  the  heat  is  too  low,  and  there  is  dani^r  of  solidification.  If  ihe 
anaj  **  freese^  ^  or  solidificfik  it  in*y  be  agadn  fused ;  the  lesultfi  art, 
however^  too  low^  as  silver  passes  into  the  bone^&sh.  AUovs  eontaaiiing 
eopper  require  a  higher  heat  to  prevent  &eezing.  Towards  the  cioie 
<lf  the  operation  the  hea^tslionld  be  grail uiilly  niifi«d,  as  the  alloj  b^con&A 
kat  ftiMble  with  the  LacreAsed  proportion  of  silver,  and  the  laad  o^cbiet 
with  more  difliculty.     When  the  cupellation  is  nearly  finished,  a  pltj 

becomes  white,  and  is  free  from  lead.  It  is  immediately  moTed  towards 
the  mouth  of  the  muffle,  so  as  to  cool  slowly.  If  suddenly  cooled  it 
"  sprouts/''  sometimes  throwing  ])articles  out  of  the  cupel,  owing  to  the 
sudden  escape  of  the  oxygen  which  molten  silver  absorbs,  unless  it 
contains  copper,  lead,  or  much  gold. 

The  button  must  separate  easily  ^m  the  cupeL  It  is  taken  up  by 
pincers  and  brushed  with  a  stiff  brudi.  It  should  be  well  rounded  and 
bright,  show  no  particles  of  bone-ash  under  a  magnifying  glass,  and  have 
no  projecting  ridges  caused  by  cracks  or  depressions  in  the  cupel,  as 
these  always  contain  lead.  The  silver  obtained  is  not  chemically  pure, 
but  the  amount  of  foreign  mattei*s  is  so  small  that  no  notice  is  tid^en  of 
them  in  ore  assays,  and  moreover,  the  impurities  do  not  oompensate  for 
the  loss  in  scorification  and  cupellation.  The  assay  lead  must  be  assayed, 
and  the  amount  of  silver  yielded  by  it  must  be  deducted  from  that  ob- 
tained from  the  ore.  The  weight  of  silver  in  milligrammes,  multiplied 
by  *  JA,  gives  the  number  of  troy  ounces  per  ton  of  ore. 

1  Troy  oimce  of  pure  silver  is  worth  $1.29  gold. 


*  Cupels  are  most  conveniently  pnrchaaed  of  the  dealers  in  appaiatoa.  They 
should  be  neither  too  porous  nor  too  compact  In  the  former  cauM  sflver  passei 
into  the  bone-ash.  in  the  latter  the  oxide  of  lead  tt  not  absorbed  witili  sofBcieiift 
raiudity. 

t  ie^  Exposes  a  bright  sorface  of  lead. 


§  227] 
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Silver  ores  may  be  lai^fed  hj  the  methods  desoriliecl  in  g  227  for 
I  iissay  of  gold  ores,  but  tbe  results  obtained  are  not  as  high  as  by  the 
ification  methotL 

B.  Ores  rich  in  Silver. 

Ores  of  1  per  cent,  or  more  are  assayed  as  described  tmder  A,  bnt  the 
loss  by  Tolatili^atiou  impairs  somewhat  the  accuracy  of  the  result, 

C,    BULLIOW, 

Alloys  are  assayed  either  in  the  wet  way  or  by  cupellation,  as  de- 
8Cribe<l  under  A,  3.  When  the  asstiy  contains  more  than  I  f»flr  cent,  of 
silver,  the  loss  by  volatiiization  must  be  taken  into  the  account.  l%i» 
is  done  by  the  method  of  aHaaying  with  *^*  proofs,"  t,  *,,  the  cora[K>sition 
of  the  alloy  is  dettrmined  aiiproximately,  if  not  already  known,  by  a 
preliminarj^  cu]>ellation,  and  then  a  "  proof"  is  made  up  of  the  same 
composition  as  the  assay,  by  weighing  oif  the  proper  (piantities  of  pure 
metals ;  this  and  the  assay  are  then  melted  with  the  same  amoimt  of 
lead,  and  the  two  are  cu^ielled  together  side  by  side.  The  losa  of  the 
proof  is  iwlded  to  the  reaiilt  of  the  afisay.  Tlie  numerous  details  of  the 
aaaay  with  proofs^  which  are  observed  in  order  to  accomplish  a  large 
~     Ami  of  work  in  a  short  time,  are  properly  learned  in  assay  offices. 

15,  Gou>  Assay, 

§  227, 

Crucible  Auay  and  Parting. 

Ores  of  gold  may  also  be  assayed  by  the  scorification  method  {§ 
226),  but  on  account  of  the  difficwlty  of  sami>ling,  it  is  better  to  take 
larger  amounts  of  ore  and  make  a  crucible  fusion. 

Gold  ores  may,  for  eonvcjiience,  be  di^dded  into  two  classes.  First, 
those  containing  little  or  do  sulphur ;  and  second,  those  containing  sul- 
phur, as  pyrites,  blende,  etc. 

A.  Ores  of  the  Tihst  Class. 

1.  Medticiion.  If  the  ore  consists  princi[jally  of  quartz  or  silicates,  a 
fusion  with  litharge  and  a  redncin^flux  yi^-lds  a  uniform  brittle  vitreous 
slag,  and  a  lead  button  containing  the  gold  and  silver.  If  the  ore  con* 
tains  basic  substances,  such  as  calcite,  oxide  of  iron,  etc.,  quartz  sand  or 
broken  glass  must  be  added. 

The  reducing  flvx  mentioned  in  the  subsequent  directions  is  a  mix- 
ture of  100  parts  of  bicarbonate  of  soda  and  2(1  ports  of  flour. 

The  following  is  a  convenient  charge,  yielding  a  button  that  may  be 
directly  cupelled : — 

Ore 60  grm. 

Litharge 75  grm. 

Reducing  flux 4  grm. 

If  glass  is  added,  count  it  as  ore,  and  increase  the  litharge  and  redu- 
cing flux  proportionally. 

Mix  thoroughly ;  place  the  mixture  in  a  clay  crucible,  which  should 
not  be  more  than  two-thii'ds  tilled.  Cover  one-<piarter  inch  deep  with 
dry  chloride  of  soditim,  and  lute  on  the  cover,  or  the  luting  may  be  omit-* 
led  if  care  be  taken  that  no  coals  get  into  the  crucible.     The  fusion 


ms 
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mtLf  te  BUMie  in  mnj  fiiniace  in  which  a  whitie  hi^  »  obtainAhlev  ^"^  ^ 
m  dbip  vind  foroaoe. 

Tb«  fin*  is  kindled  at  the  top,  ao  that  the  heal  shall  be  gvsdttilljr  n* 
l<>  iifevont  the  cnicdble  ciackiiig,     A  duU  md  heat  is  kept  ttft  fori 
an  hour,  and  a  white  heat  for  a  quarter  of  an  hoar  loogw.     Too 
hnat  ffjr  an  umieoeasaiy  length  of  titne  ia  to  be  avoided,  aa  the  iii^ 
in  liable  to  flnx  the  cmctbJe.     Remove  horn  the  fire  wkQe  hot,  and 
gjUMtlj  on  the>  hearth  to    cnllect   the   lead  into  a  button, 
ttmek  out  the  button,  which  should  separate  readily  from  tha 
ba  perledlj  aaUeable,     Hie  slag  ahonld  be  uniform  and  iritTvoaSy  i 
ttig  ft  peHaei  Ibaon,  and  ahould  include  no  metallic  globolea. 

%  (h^MUnHom,     TIib  button  oontiaus  the  gold  and  ail^ert  *Bd  J 
pelM  m  dhnaeled,  p.  530.     A   hi^er  h«iat  ia,  however^  aeoaaai  , 
■«BK>ire  the  laal  traces  of  lead  than  if  no  gold  were  preaent.     There  i 
W>  dai^ger  of  flfirouting  if  the  alloy  contains  mach  gald* 

3w  jhtHnif,     Clean  ^e  gold  globule,  as  diiwted  p^  MO,  - 
add  para  aih«r  if  neocaaaiy^  so  that  the  alloj  shall  contain  3}  [ 
|0  1  of  gold.     The  proportion  of  additional  silTer  required  in  an 
fliay  be  eomnonly  judged  from  the  color  of  the  alloj.     If  it  is  1 
low,  add  *H  parta^  if  onlTfidni  yellow^  2  parta,  and  if  white,  1  part  < 

Thm  mlxtr  and  the  alloy  are  fuaed  together  on  charcoal   befo 
blowpipe^  or,  better  still,  are  wrapped  in  sheet  lead,  and  cupelled  i 
heal.     Tlie  bottnn  is  haroinered  and  rolled  into  a  long  thin 
beiag  taken  Uiat  no  partieks  cradr  o0l     If  large^  it  must  be 
during  the  rolling,  by  heataqg  on  a  cupel  in  tbe  ninflle. 

T%o  leaf  is  rolled  t4)gether  on  a  slender  rod  or  pencil,  and  fdaced  in  i 
nmaj  fiaedc,  or  bige  teettiibe,  and  boiled  with  dflute  nitric  acid,  sp^ 
Mfi,  till  aU  action  Ikaa  ceased  ;  the  acid  k  decanted,  and  the 
panted  whh  add  of  ^  gr,  1*30. 

Woah  t^  nsidnal  gdd  with  water  free  frtm  cfaloitne  tiD  tbo] 
i«pi  gm  no  motioa  fior  silver,  fill  the  issk  with  water,  oover  its  i 
with  a  drying^cnip  *  or  porcelain  crucible,  and  invert.     Tlie  gold  < 
siltlea  to  the  bottom  of  the  cup.     The  flask  is  slowly  raised  till 
is  nearlj  fidl  of  water,  and  i&  then  qnicklj  drawn  o^  one  sidcL 

iscanlally  poured  ont  of  the  eop,  and  the  gold,  if  in  separate] 

the  bottom.     After 
bat  not  to  Innon.     If  tlM  i 
.     ,      .  )  gold  resBoins  in  one  ooherent  i 

may  be  raadUj  tmned  into  a  wei^iii^p-cnpL     The  litharge  mi 
■afed  for  aihw  with  die  nuae  rvdneiBtf  in  mms  need  with  i 

The  weiglht  of  the  bnttm  ohteaned  by  onpeQattoo,  lam  thai  i 
ahw  ^iel&d  hj  Hie  tilharp^  ksa  that  of  the  gold,  is  the  1 
flilivr  ui  the  ore. 

Th»  mmtm  per  ton  are  calculated  as  directed  p.  530,  hoi 

I  l^oniioa  of  gold  has  a  ralne  of  $20,66. 


tiebi^  ii  eoOected  in  a  drop  of  water, 
dtysng,  horn  lo  rednem  in  the  waile, 
has  baan  peDiwsii  ooiidncted  the  gold 


I.  Boutin  a  J^-mtm^ 

IhyiL 


or  TKB  SaooiSD  Clas  (ooiitniiiii^  Solphnr)« 
TIm  ob^  of  ronstii^  ia  to  oai^d  the  i 


mai 
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atnoiint  of  the  ore  is  placed  in  an  iron  pan,  the  bottom  and  sides  of 
whic^b  httve  been  smeared  with  a  pa^te  of  clay,  or  VenetiaD  red,  and  water, 
Tim  t!oating  serves  to  protect  the  iron  from  the  action  of  sulphur,  and 
should  bt'  filowly  and  thoroughly  dried  to  prevent  cracking.  The  roast- 
ing is  carrieil  on  at  a  dull  red  heat,  with  freipieat  stirring,  until  moat  of 
the  sulphur  is  driveti  oif.  Towards  the  clone  of  the  prouess  the  heat  is 
raised,  aud  in  kept  up  till  the  odor  of  sulphurous  acid  is  no  longer  per- 
ceptible, and  a  moiMteued  blu«3  litniuH  pap43r  held  a  few  inches  above  the 
ore  remains  unchanged.  The  oi^  and  scrapings  from  the  pan  are  pulve- 
rized and  sifted     The  following  are  the  proportions  of  the  charge : 

50  grma.  of  ore. 
20       "         powdered  glass. 
15       "  reducing  flux. 

100       "  Utharge. 

Fuse  in  a  cradble  and  cupel,  as  dii*ected  for  ores  of  the  first  class. 

2,  AiKtai/  by  ZtiUtarg^  and  ^itre^  In  crucible  fusions  of  auriferous 
sulphideH^  advantage  is  taken  of  their  reiictions  with  oxide  of  lead. 
If  sulpliiiies  are  fused  with  sutlicirut  lithjtrge,  a  button  of  lead  and  a 
slag  free  from  sulphur,  or  eontainii^g  thi3  sulphates  of  the  alkalies  or 
alkaline  earths,  are  obtained,  but  the  lead  button  m  too  large  for  scorifica- 
tion.  Pyrite  reduces  8^  parts,  chalco[»yrite  and  blende  7  parts,  gray  coj>- 
per  and  sulphide  of  antimony  about  li  part«  of  h^ad.  Nitre  is  added  to 
prevent  too  nuieli  lejid  being  reduced  ;  and,  to  determine  tlie  amount  of 
nitre  proper  to  use,  a  preliniinary  tist^iy  is  made  by  fusing  3  to  5  grm. 
of  the  ore  with  50  part**  of  litliarge.  The  fusion  should  be  made  quickly, 
using  CJire  to  prevent  the  a^ition  of  reducing  gases,  and  as  soon  as  the 
Emms  ceases  to  boil,  the  crucible  should  be  removed  from  the  tire,  to  pre- 
veui  the  litharge  destroying  it.  The  resulting  button  is  weighed,  and 
the  amount  of  hmd  t!uit  would  be  yielded  by  the  ore  nnpiii-ed  for 
an  assay  in  ealetihited.  If  tliia  auxount  wovdd  be  too  ainall  for  cupella- 
tion,  reducing  Bnx  must  be  added;  if  of  the  right  size,  neither  reducing 
Uux  nor  uitre  is  necessary,  but,  if  too  large,  nitre  must  be  added.  To 
find  the  weight  of  nitre  re<piired  in  the  last  case,  deduct  the  weight  of 
the  button  desired  for  cupellation  (10 — ^15  gnn.)  from  the  weight  of  the 
lead  which  would  be  produced  by  fusing  the  charge  of  ore  with  litharge 
alone,  and  divide  the  rt^maiiider  by  four;  the  remilt  is  the  weight  of  nitre 
requb'ed.  The  oxidizing  power  of  commercial  nitre  varies  so  much  that 
it  i»  better  Uy  determine  it  by  fusing  a  s^imple  with  litharge  and  a  redu- 
cing flux.  The  weight  of  lead  which  the  ^ux  ah.uje  produces,  less  that 
obtained  when  a  given  weight  of  nitre  is  added,  is  the  weight  of  lead  oxi- 
dized by  the  uiti*o.  The  charge  is  made  of  the  following  propor- 
tions : 

Ore,  20  grm. 

Litharge,  100  to  IGO  grm.,  according  to  the  proportion  of  the  sulphides. 

Nitre,  amount  calculated. 

Bicarb,  soda,  20  grm. 

Mix  thoroughly,  |dace  in  a  thick  French  crucible,  which  should  not 
be  more  than  one-third  tilled,  Jin<l  jiut  on  top  20  grm.  of  borax,  and 
a  covering  of  common  salt.  Tlj«t  fusion  is  made  slowly,  to  prevent  the 
assay  from  running  over,  and  is  kept  at  a  strong  heat  for  an  hour.     The 
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button  should  be  malleable,  and  the  slag  should  g^iYe  no  odor  of  sul- 
phuretted hydrogen  when  treated  with  sulphuric  acid.  It  is  capeUed  as 
directed,  p.  530  (if  too  large  it  is  first  scorified),  and  the  gold  aiid  ailYer 
parted  as  directed  p.  532.] 

16.  Assay  of  Zinc  Oris. 
§228. 

Method  of  ScHAFFNER,*  modified  hy  C.  KuNZEL^f  a$  employed  in  the 
JBelgian  zinc-works  /  descried  hy  C.  Groll.| 

a.  Solution  of  the  ore  and  preparcUion  of  the  ammoniaeal  eoitUion, 

Powder  and  dry  the  ore. 

Take  0*5  grm.  in  the  case  of  rich  ores,  1  grm.  in  the  case  of  poor  ores, 
transfer  to  a  small  flask,  dissolve  in  hydrochloric  acid  with  addition  of 
some  nitric  acid  by  the  aid  of  heat,  expel  the  excess  of  acid  by  evapora- 
tion, add  some  water,  and  then  excess  of  ammonia.  Filter  into  a 
beaker,  and  wash  the  residue  with  lukewarm  water  and  ammonia,  till 
sidpbide  of  ammonium  ceases  to  produce  a  white  turbidity  in  the  wash- 
ings. The  oxide  of  zinc  remaining  in  the  hydrated  sesquioxide  of  iron 
is  disregarded.  Its  quantity,  according  to  Groll,  does  not  exceed 
0*3 — 0*5  per  cent.  This  statement  probably  has  reference  only  to  ores 
containing  relatively  little  iron ;  where  much  iron  is  present  the  quan- 
tity of  zinc  left  behind  in  the  precipitate  may  be  not  inconsiderable. 
The  error  thus  arising  may  be  greatly  diminished  by  dissolving  the 
slightly  washed  iron  precipitate  in  hydrochloric  acid  and  adding  excess 
of  ammonia.  But  the  surer  mode  of  proceeding  is  to  add  to  the  origi- 
nal solution — after  evaporating  off  the  greater  part  of  the  free  acid  as 
above,  and  allowing  to  cool — dilute  carbonate  of  soda  nearly  to  neutral- 
ization, then  to  precipitate  the  sesquioxide  of  iron,  after  p.  202,  </,  with 
acetate  of  soda,  boiling,  to  filter,  and  wash.  The  washings,  after  being 
concentrated  by  evaporation,  are  added  to  the  filtrate  and  the  whole 
is  then  mixed  with  ammonia,  till  the  first-formed  precipitate  is  redis- 
solved. 

If  the  ore  contains  manganese — ^provided  approximate  results  will 
suffice — digest  the  solution  of  the  ore  in  acids,  after  the  addition  of  ex- 
cess of  ammonia  and  water,  at  a  gentle  heat  for  a  long  time,  and  then 
filter  off,  with  the  iron  precipitate,  the  hydrated  protosesquioxide  of 
manganese  which  has  separated  from  the  action  of  the  air.  The  safer 
course — though  undoubtedly  less  simple — is,  after  separating  the  iron 
with  acetate  of  soda,  to  precipitate  the  manganese  by  passing  chlorine, 
as  directed  p.  357,  59,  or  by  adding  bromine  and  heating. 

If  lead  is  present,  it  is  separated  by  evaporating  the  aqua  regia  solu- 
tion with  sulphuric  acid,  taking  up  the  residue  with  water  and  filtering; 
then  proceed  as  dii-ected. 

6.  Preparation  and  standardizing  of  the  stdphide  of  sodium  eolu- 
tian. 

The  solution  of  sulphide  of  sodium  is  prepared  either  by  dissolving 
crystallized  sulphide  of  sodium  in  water  (about  100  grm.  to  1000—1200 

♦  Joum.  f.  prakt.  Chem.  73,  410.  f  Ihid,  88,  486. 

t  Zeitschrift  1  anal  Chem.  1,  21. 
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water),  or  by  sup«jisttturatiijg  a  solution  of  8oda,  fi-ee  from  carbonic 
aciU^  with  sulphuretted  hydrogen,  and  subsequently  heating  the  solution 
in  a  flask  to  expel  the  excess  of  snlphurette<.l  hydrogen,  Whiehevor 
way  it  is  prepared,  the  »ctlutxou  is  afterwards  diluted,  so  that  1  c;  c,  may 
precipitiite  about  O'Ol  grm.  zinc.  Prepare  a  solution  of  zincj  by  dia- 
^|K>lviiig  10  grm.  chemicjilly  pure  zinc  in  hydrochloric  acid,  or  44' 122 
^'^Iprm.  ilry  crystallized  sulphate  of  ziiic  in  water,  or  G8*l«33  grin,  dry  crys- 
lalUssed  sulphate  of  potash  and  zinc  in  water,  and  making  the  solution 
in  either  case  up  to  1  litre  with  water. 

Each  e.  c.  of  this  solution  corresponds  to  0*01  grm.  zinc.  Now  mea- 
sure otf  30 — 50  c.  c.  of  this  zinc  stdution  into  a  beaker,  add  ammonia 
till  the  precipitate  in  redissolvetl,  and  then  400 — 't')00  c.  c.  distilled  water. 
Run  in  sulphitle  of  sodium  as  long  as  a  distinct  precipitate  continues  to 
be  formed,  then  stir  briskly,  remove  a  drop  of  the  fluid  on  the  end  of  a 
rod  to  a  porcelain  plate,  spread  it  out  so  that  it  niay  cover  a  somewhat 
large  surface,  and  place  in  the  middle  a  drojj  of  pure  dilute  solution  of 
chloride  of  nickel.  If  the  edge  of  the  drop  of  nickel  solution  remaiuH 
blue  or  green,  proceed  with  the  addition  of  sulphide  of  sodium,  testing 
from  time  to  time,  tUl  at  last  a  blackisli  gray  coloration  ai^pears  sur- 
rounding the  nickel  solution.  The  reaction  is  now  coni|)let*:d^  the  whole 
of  the  zinc  Is  pi-iM^ipit^ited,  and  a  ftlight  excess  of  snl])liide  of  sodium  has 
been  adtleiL  The  precis*.^  depth  of  coh>r  of  the  nickel  must  be  observed 
»ud  remembered,  as  it  will  have  to  serve  as  the  stopping  signal  in  future 
expeiiments.  To  make  sure  that  the  zinc  is  really  *:[uite  j^recipitattni, 
you  may  add  a  ft^w  Uuitlis  of  a  c.  c.  ruore  of  the  reagent,  and  test  again, 
of  course  the  color  of  the  nickel-drop  must  be  darker.  Note  the  num- 
ber of  c.  c.  used,  and  repeat  the  ex|>erLmeiit,  rmmiug  in  at  once  the 
necessary  quantity  of  the  reagent,  less  1  c.  c,  and  then  adding  0*2  c.  c. 
at  a  time,  till  the  end-reaction  is  rt^ached.  The  hint  experiment  is  con- 
iiidered  the  more  correct  one.  The  suljddde  of  sodium  solution  must  be 
rBstandardized  before  each  new  series  of  amUyses. 

e.  Dstemdfiatum  of  tJie  zi/ie  in  the  foluCion  of  dke  ore. 

Proceed  in  the  same  way  with  the  aiiimoniacal  solution  prepared  in  a 
I  with  the  known  zinc  solution  in  b.  Here  also  Repeat  the  expeiiment, 
t}ie  second  time  runiung  in  at  once  the  required  number  of  c.  c,  less  1, 
of  sulphide  of  sodium,  and  then  adding  0-2  c.  c.  at  a  time,  till  the  end- 
reaction  makes  its  appearance.  The  second  result  is  considered  the  true 
one.  There  are  three  different  ways  in  which  this  i-epetition  of  the  ex- 
j*eriraent  may  be  made.  You  may  either  weigh  out  at  the  first  two  ]^K>r- 
tions  of  the  zinc  ore,  or  you  may  weigh  out  double  the  quantity  required 
for  one  experiment,  make  the  ammoniacAl  solution  up  to  1  litre  and  em- 
ploy ^  litre  for  each  experiment,  or  histly,  having  reached  the  end-reac- 
tion in  the  lirst  expeninent,  you  may  atki  1  c.  c,  of  the  know^i  zinc  solu- 
tion, which  will  dt*stroy  the  excess  of  sulphide  of  sodium,  anil  then  run 
in  sulf>hide  of  sodium  in  portions  of  0*2  c.  c*,  till  the  end-reaction  is 
again  attained.  Of  course,  in  this  last  process  to  obtain  the  second  re- 
sult, you  deduct  from  the  whole  quantity  of  sulphide  of  sodium  used  the 
amount  of  the  same,  corresponding  to  1  c.  e.  of  the  zinc  solution. 

If  the  ore  contains  copper,  remove  it  from  the  acid  solution  by  sul- 
phur* tted  hydrogen,  evaporjite  the  filtrate  with  nitric  acid,  dilute,  treat 
with  ammonia,  and  determine  the  adno  as  above, 
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17.  Akalvsis  of  Cast  Xrok,  Stebl,  akd  Wrought  Ixos. 
§  229. 

Oast  iron,  one  of  the  most  important  product*  of  metailYirgic  ind 

try,  contains  a  whole  series    of  elements^  mixed    in    greftier    or      

proj>ortion  with  the  iron,  or  c<>mbiiied  with  it.  Although  the  influence 
which  the  vaiious  foreign  substances  mixed  M'ith  the  iron  exercise  on 
the  quality  of  cast  iron  is  not  yet  accurately  known,  still  tJie  £»ct  ihaii 
tliey  do  exercise  considerable  influence  on  tlie  quality  of  the  article  is 
beyond  doubt.  The  analysis  of  cast  iron  is  one  of  the  morr?  ilificult 
problems  of  analytical  chemistry.  The  following  bodies  must  be  had 
regard  to  in  the  analysis : — 

Ir&ti^  carbmi  combined  with  the  iron,  carbon  in  form  of  (frnpfiiU^  ni- 
trogen, mlixsm^  pho9phona(^  grilphur^  potassium,  sodium,  lithium,  calci- 
um, magnesium,  aluminium,  chromium,  titanium,  zinc,  fnangawwi^ 
cdbalt,  nickel,  copprr^  tin,  areeaic,  antimony,  vanadium.  As  a  general 
rule,  the  elements  in  italics  alone  are  quantitatively  determined. 

8t*?el  and  wrought  iron  are  analyzed  in  the  same  manner  as  cast  iron. 


I.  Dvimmmaiion  of  the  Carbon. 

a.  I^eierminaHon  of  the  total  amount  of  Carbon, 

Method  of  Bebkeuus  (somewhat  modified.) 


1 


Treat  about  3  grm.  of  the  cast  iron,  or  6 — 10  grm.  of  steel«  roode^ 
rately  comniinuted,*  with  a  neutral  concentrat<?d  solution  of  chloride  of 
coppi?r,  (made  by  mixing  hot  solutions  of  chloride  of  so^lium  and  sulphate 
of  copper,  and  ally  wing  sulphate  of  soda  to  crystallize  out),  and  let  the 
mixture  stand  at  the  common  temperature  f  with  occasional  stirring. 
In  5  or  G  hours,  or  as  soon  as  the  part  remaining  undissolved  presents  a 
mixed  mass  of  copper  and  separated  carbon,  dtc,  crumbling  undrrr  pres- 
sure, add  hydi"o chloric  acid,  and,  if  necessary,  some  oiore  chloridf?  of 
CJopper,  and  digest  until  the  whole  of  the  copf>er  is  difssolved  to  subchlo* 
Tide.  At  this  stage  of  theproeess  a  gentle  heat  may  be  applied.  Filter 
through  a  tube  of  the  form  shown  in  fig,  100,  the  nai-row  pait  of 
which  is  loosely  stepped  ^ith  spongy  platinum  or  asbestos,  ignited  in  a 
current  of  moist  air.  Wash  w^ell,  dfy  thoroughly,  and  treat  the  entire 
contents  of  the  tube  either  as  directed  §  176  or  §  178.     After  emptying 


[*  Best  by  drilling,  in  case  of  gm^  pig-  or  soft  steeL  White  pi^  la  reduced  u> 
powder  by  aid  uf  the  steel  mortar:  J 

f  On  warming',  a  flmall  quantitj  of  gas  is  evolved,  which  contains  a  trifliag 
admijcturu  of  carbonetted  hydrogen.  |  Sometimes  gas  escapes  at  ordinaij  tem- 
P^turea  In  that  cawe  a  himp  of  ice  should  be  ^ced  in  the  teasel  at  fiist 
Arter  an  hour  or  so  cooling  is  unnecessary.  \ 
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the  ttibe,  rinse  with  a  little  chronrnte  of  lead  or  oxide  of  copj>er ;  if  the 
combustion  U  to  b«  effected  in  a  boat,  in  a  current  of  oxygen  gas,  in 
order  that  the  incombustible  residue  maj  be  examined,  rinse  with 
oxide  of  mercury, 

ft.  I}etemmiaH(m  of  the   Graphite. 

Treat  another  iwrtion  of  the  cast  ii'on  with  moderatalj  con* 
centrHttHi  hydrochloric  acid,  at  a  gen  tit*  heat,  until  no  more 
gas  is  evolved ;  filter  the  iiolution  tlirough  asbestos  that  has 
been  ignited  in  a  stre^im  of  iiioist  air  or  through  spongy  |>la- 
tiniun  (comp.  a,),  wash  Uje  undissolved  residue,  first  with 
boiling  water,  then  with  sohition  of  fiotassa,  after  this  with 
alcohol,  and  Iftstly  with  ether  (Max  Bitciiner)  ;*  then  dry, 
and  hiini  after  §  176  or  §  1T8,  I  Hrect  weighing  is  not  advi- 
sable,  as  the  graphite  generally  contains  silicon.  Deduct  the 
graphite  obtained  here  from  the  total  amount  of  carbon  found  Fro. 
in  a ;  ilie  difference  givea  tiie  combined  carbcjn*  ^^- 


2,  Deierminaiion  of  the  Sulphur. 

The  safest  way  of  estimating  sulphur  in  cast  iron  b  the  following : — 
Put  about  10  grm.  of  the  substjincen^  in  tlie  finest  posaible  state  of  divi* 
aion,  into  the  flask  a  (fig.  101),  insert  tfie  cnrk,t 
containing  the  funnel- tube  d  c\  and  the  evolution 
tulw /;  the  funnel-tube  is  provided  with  a  little 
mercury  at  u  and  the  evolution  tube  is  connectod 
with  two  U'tubetJ,  which  contain  a  strongly  alka- 
line solution  of  lead.  Fill  the  funnel  d  with  hy- 
drochloric acid,  and  suck  by  means  of  an  India- 
ruhber  tube  at  the  exit  of  the  second  lT-tul)e,  in 
which  a  Kiniill  glass  ttibe  is  inserted  ;  tlio  acid 
will  thus  pass  into  the  Bask.  Heat  the  flask, 
Bucktng  in  more  acid  from  time  to  tiuie  as  just 
describt^d,  till  complete  solution  of  the  iron  is 
eifected ;  tlien  connect  the  exit  of  the  second 
IT-tube  with  an  aspirat-or,  and  draw  air  through 
the  apparatus  for  a  long  time.  Collect  the  sul- 
phide of  le^id  on  a  smjill  tilt^r,  fuse  it  cautiously 
with  a  little  niti'e  and  caibonate  of  soda,  8oak  in 
water,  pass  carb(uiic  acid,  to  precipitate  traces  of 
dissolved  lead,  filter,  acidify  the  filtrate  with  hy- 
drochloric acid  and  precipitate  the  sulphuric  acid  with  chloride  of 
barium. 

To  make  quite  sure  that  you  have  left  no  sulphur  behind,  before 
throwing  away  the  contents  of  the  flask,  evajiorat«  the  solution  of  pro- 
tochloride  of  iron,  to  drive  off  excess  of  hydrochloric  acid,  and  test  it 
^ith   chloride  of  barium  ;  also  fuse  the  utulissolved  residue  witli  nitre 
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f  If  a  oaontchouG  stopper  were  used,  a  little  eulphur  would  not  be  unlikely 
to  get  into  the  residue :  the  caoutchouc  conncctiona  mujst  be  deaulphturixed 
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uid  carbonatA  of  soda,  and  test  the  at^ueoiis  extract  of  the  luaed  siia«  for 
sulphuric  acid,  Aa  a  rule  the  re-sidue  will  be  found  free  iityni  milpbiir. 
But  if  an  J  sulphate?  of  baryta  is  obtained  again  here^  it  luajr  be  ooDeeted 
on  the  same  filter  which  has  received  that  produced  from  the  aulpbide 
of  lead. 

[3.  EsUmatum  of  PhnsphoruM. 

In  caxe  of  cast  iron,  when  the  amount  of  phos]>horus  prt^seut  exceeds 

1  per  cent.,  2  grm,  suffice  for  a  determination  ;  when  leaa  ia  present  it  is 
bc»t  to  take  at  lea^  3  grm.  Treat  with  aqua  regia  in  a  tall  b««ker 
covered  with  a  watch-glassL  Digest  at  a  moderate  temperature  2  or  3 
hours,  or  till  efferveaoejioe  ceases,  then  remove  the  cover  and  ♦  - 
to  diyness,  as  in  the  ordinary  way  of  sej^tarating  silica,  with  a^i 

nitric  acid,  if  need  be,  to  remove  chlorine.  A  tettjj>erature  a  f*'W  Jty 
grees  above  that  attainable  with  the  water-bath  may  be  used  to  haAtea 
thia  operation.  But  if  too  high  heat  is  used,  oxide  of  iron  will  remain 
undissolved  on  8ubse<|uent  treatment  with  nitric  add  ;  moreover^  pyro- 
phosphate may  be  formed  at  a  temperature  below  150°  C.  After  the  re- 
sidue has  been  dried  su^ciently  to  make  Ute  silica  insoluble,  dig)(?st  with 
nitric  acid  till  the  ii-on  is  dissolved.  Separate  the  residue  by  tilteriiig, 
and  reserve  it  for  determination  of  silicon.  To  the  filtrate  add  KM) 
c  c,  of  molybdic  acid  solution.  If  after  the  addition  of  this  reagent  tha 
solution  amounts  to  less  than  Si^U  to  400  c.  c,  dilute  to  that  volume. 

Place  for  24  hours  in  a  warm  situation  where  the  temijerature  docs 
not  rise  above  40^  C.  Wash  the  precipitate  witli  the  molybdic  solution^ 
diluted  with  an  equal  volume  of  water,  letting  the  waahiTigs  run  into  the 
^trate*  Then  allow  the  filtrate  to  Btand  24  hours  or  more  in  a  warm 
place,  and  collect  any  appreciable  amount  of  pbospho-molybdate  that 
may  separate.     Dissolve  and  reprecijdtate  according  to  p.  271. 

Steel  (S~10)  grm.  may  be  dissolved  in  nitric  acid  of  1'20  sp.  gr.| 
and  evaporation  to  dryness  may  be  omitted  when  silicon  is  not  to  be 
estimated^] 

[4,  ^nUfnadon  ef  JSUicon, 

Hie  residue  from  the  solution  used  for  determining  phosphorus  may 
be  used  for  deterniiiiing  sUicon.  Ignite  it  without  separation  from  the 
filter  until  the  graphite  is  partially  burned  away.  Fuse  with  car- 
bonate of  soda  mixed  with  a  little  nitrate  of  potash,  sufficient  to  eHect 
complete  combustion  of  the  carbon  still  presents  Treat  the  fused  mass 
first  with  boiling  water,  in  which  it  readily  dissolves,  except  some  silica 
in  light  fiocculent  fonoQ,  and  traces  of  metallic  oxides.  Acidify  with 
hydrochloric  acid,  or  nitric  acid,  in  case  the  solution  is  to  be  in  contact 
with  platinum,  and  sepzirate  silica  as  usual.  When  the  quantity  of  silioa 
is  not  over  1  per  cent.,  these  operations  may  be  most  conveniently  per* 
formed  in  a  large  platinum  crucible  mthout  transferring  the  substanioe 
to  any  other  vesseL] 

[5.  Estimaiion  of  Manganese  and  CohalL 

2  grm.  is  as  large  a  quantity  as  can  conveniently  be  treated  by  ihB 
method  here  proposed,  and  will  in  most  cases  suffice*     Where  leas  than 

2  per  cent,  is  present,  and  gi'eat  accuracy  is  required,  it  is  neceaaanr 
perhaps  to  take  more.     Of  spU^eieise7i  1  to  J  grm.  suffices.     Prepare  a 
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solution  of  the  ii*on  iii  the  same  manner  as  for  pLospborus  (3).  A  higher 
temperature  may,  however,  be  used  to  make  silica  itisoluble,  and  hydro- 
chloric  aeitl  may  be  used  for  redisaohTug^  Filter  from  the  residue  of 
carbon  and  silica  into  a  large  Bmk,  When  the  t^iolution  h  cold,  add  car- 
l>onate  of  soda  aa  long  as  the  precipitate  formed  hy  it  can  he  redissolv- 
ed  hy  shaking  and  letting  »tand  a  few  minutes.  Next  add  1 2  to  15  c.  c. 
Strong  acetic  acid,  and  the  same  volume  of  a  saturat-ed  sohition  of  ace> 
tate  of  soda.  Dilute,  now,  the  solution  to  about  1  liti-e^  and  precipi- 
tate U'ou  by  boiling.  Filter  and  wash  without  decantation,  as  long  aa 
the  water  pa^aea  freely  through  the  mass  upon  the  filter,  Wlien  tht^ 
washing  becomes  tedious,  on  account  of  slow  passage  of  water  through 
the  tilter,  rinse  the  precipitate  from  th<^  tilter  into  a  dish  with  a  jet  of 
water^  and  boil  with  a  moderate  amount  of  water  with  addition  of  a 
little  acetate  of  soda,  stir  ring  with  a  ghiss  rod  as  long  as  any  coherent 
lujups  of  precipitate  remain.  Bring  the  precipitate  back  again  upon 
the  filter  and  complete  the  washing,  doncenti'ate  the  filtrate  and  washings 
to  about  3(10  c.  c.  (or  less  if  too  much  saline  matt-er  is  not  present).  A 
"ttle  iron  is  usually  present  in  thia  filtrate ;  sometimes  it  is  partially 
deposited  during  the  evaporation.  In  order  to  separate  the  manganeiie 
from  this,  and  from  the  large  (juantity  of  saline  matter  in  the  lifiuid, 
preciidtate  next  all  the  met^dlic  oxides  present  by  gradually  adding  car* 
bonate  of  soda  to  the  boiling  solution  as  long  as  a  jirecipitiitH  in  formed, 
and  adding  at  the  close  a  few  drops  of  cauattc  soda.  Filter,  wash 
the  (irecipitate  slightly,  dissolve  it  on  the  filt-er  with  hyibocbloric  acid, 
and  separate  the  small  rpiatitity  of  iron  in  the  new  solution  with  ace- 
t^ite  of  soila.  For  this  pur[»oRe,  wlieii,  as  usually  is  the  cajje,  but  little 
iron  is  present,  the  solution  need  occupy  but  a  suiall  volume  (100  c.  c), 
Ad<l  carbonate  of  soda  as  long  aa  no  iiermanent  precipitatt*  is  formed, 
then  2  or  3  c,  c.  of  the  ac<?tate  of  soda  solution,  and  heat  gradually  to 
boiling.  Sometimes  when  thia  solution  is  motlerat*?ly  wanned,  luid  car* 
bonic  acid  has  mostly  escji[>ed,  but  before  th«  temperature  is  high  enough 
to  precipitate  the  iron,  the  solution  will  become  turbid  with  a  finely 
divided  white  ju-ecipit4ite.  If  this  happens^  add  acetic  acid  till  it  dis- 
solves,  and  thi*n  nuHu  the  hcit  to  boiling.  Filter  from  the  precijiitated 
iron,  and  precipitate  mitnf/ane^e  m  the  filtrate  with  bromine  (see  § 
223,2).  When  no  great  accuracy  is  re<piireil,  this  precipitaU.^  may  be 
washetl,  ignited,  and  weighed  as  pro toses*iui oxide  of  manganese,  and 
metallic  manganese  calculated  from  it.  It  may,  however,  contain  cobalt, 
which  is  often  present  in  pig  iron,  and  possibly  traces  of  co[»per. 

To  det-ect  the  presence  of  cobait^  dissolve  the  weighed  oxide  of  man- 
le  in  a  few  drops  of  ilUl,  heat  till  the  brown  color  imfuirted  by 
the  manganese  disappears,  A  t'omjmratively  small  anunjnt  of  eohalt 
will  now  give  the  solution,  while  hot  and  couccntnited,  a  bright  gieen 
color  that  disappears  on  diluting  with  cold  wat^'r.  Evaporate  the  solu* 
tion  till  free  acid  is  expelled,  dissolv-e  in  a  small  quantity  of  water, 
a<M  acet^it^  of  soda  and  a  drop  of  acetic  acid,  heat  to  boiling  and 
tniiismit  118,  which  will  precipitate  the  cobalt.  Collect  the  precipitate 
on  a  filter,  wash  rapidly  with  wat^^r  containing  IIS.  Testing  this  pre- 
cipitate with  a  blowpij)e  will  further  confirm  it^  nature.  If  it  be 
judged  from  this  examination  that  cobalt  is  jiresent  in  any  sensible 
qtiantity,  evaporate  the  filtrate  last  obtained  till  HS  is  expelled,  and 
precipitate  manganese  again  with  carbonate  of  soda,  and  weigh  it  as 
protosesq  uioxide. 


0f  mikm^ 

I  Ik  m  oifMrsoQs  itlatmuiii  (il«t^^* 

wi^  m  ft?«  drop  of 

tiU   Ok* 

witk  ^Tdmelilonc  acid,  be*t,  add 

'  I  visK  sttije  ^id,  ^«te  oopiiotis] j  and  pedpi- 

>  flf  mn,  Aeu,  Irf  scsrlr  st«t«tiiig  with  mrbotuid*  of 

|L  J$2,  09,    V^  and  dfT  the  ptwiiitai^ ; 

"    olve  in  hjdTOchloric  icid 
r^  waftlk  aiid  dfy  the  prv- 
li  oiO  if  c 
*Aeiillfj   lli«   filtrsAe  frosn  e  vitli  kjdrodilQiie  idd,  coiH?eiitT&t€  in  a 
~     to  ft  §MAyM^  MxmnoDiM  %iid  snlphide  of  ammo- 
t  attd  pf«m«d  gmn^dlj  m  tfireeted  p.  1^4, 1-.    Aft^r  24  lioum,  filter 
tbs  fiwmfitmt^  ('0  ^^  ^^  ^  ^^^^  irxier  eoatalniiif  siilpiiide  of  aiimio- 
mmm^  w^mmA  tlt^  fiUer  on  m  gba  {>Ut^^  ri&se  ih&  jirecijiitfite  into  a  fla«ICy 
tTfst  tt  wiili  aeetle  add,  cork  and  tf^  a£id«>, 

Evafiormte  t^  fittimte  froni  cf  in  a  platiDimi  dish  to  dryoees,  expel  the 
MBa»oti3A  ailte  ai  tlia  low^^t  temperatnt^  possible,  and  iii  the  residue 
dt^emiiEr  tL«?  altaliiie  earlLs  and  alkalit's.  For  th'iH  purpose  pFecipitate 
the  lime  by  pure  oxalate  of  ammonia  repeating  the  precipitation  accord- 
ing to  29,  and  from  the  filtrate  separate  magnesia  according  to  16.  The 
alkalies  are  weighed  as  chlorides  and  potassa  is  finally  estimated  by  1, 

The  residue  a  contains  the  whole  of  the  bodies  insoluble  or  difficultly 
soluble  in  hydrochloric  acid.  The  following  substances  may  be  present 
besides  carbon  and  silica,  viz.,  phosphide  of  iron,  chromium-iron,  vana- 
dium-iron, arsenide  of  iron,  carbide  of  iron,  silicon,  molybdenum,  Ac, 
and  also  slag  in  a  more  or  less  altered  condition.  Titanic  acid  and  sul- 
phate of  barj-ta  may  also  be  here  present.  Fuse  with  carbonate  of  soda 
and  potash,  and  a  little  nitre,  separate  the  silica  as  usual,  by  evaporating 
with  hydrochloric  acid  and  two  drops  of  dilute  sulphuric  acid,  weigh  it 
and  see  whether  it  is  pure  (comp.  p.  300) ;  the  impurities  most  likely  to 
be  present  are  sul{)hate  of  baryta  and  titanic  acid.  The  silicic  acid  may 
have  been  partially  formed  from  silicon,  and  partially  present  as  such  in 
the  slag.  In  the  filtrate  from  the  silicic  acid  separate  what  is  separable 
by  ammonia  by  double  precipitation,  filter  off  the  precipitate  (c'),  then 
precipitate  with  sulphide  of  ammonium,  filter  off  the  precipitate  ((f ,  to 
be  treated  as  d)  and  finally  test  the  filtrate  for  alkaline  earths,  any  small 
quantities  of  which  found  can  then  be  weighed  with  the  somewhat  larger 
amount  obtained  above. 

If  glaas  or  porcelain  be  nsed,  the  eBtimations  of  the  edlioon  and  altuniniiim 
cannot  be  conaidered  aa  absolutely  exact. 
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The  precipitates  b^  c  antl  e'  contain  t!ie  whole  of  the  sefwpuoxide  of 
iron  and  aliimina,  also  that  part  of  the  titamc  acid  which  has  passed 
into  solution.  Transfer  tlie  mixed  ignit-ed  precipitates  to  several  plati- 
num or  porcelain  boate,  put  these  in  a  glass  tube  and  ignite  in  pure  hy- 
drogen, till  no  more  steam  issues.  Treat  the  boatst  and  their  conLcmt^ 
with  very  dilute  nitric  acid  (1  of  acid  to  30 — 40  of  water)  to  dissolve 
the  iron,  make  the  solution  iipto  lOtH)  c.  c.  and  detenu ine  the  iron  in  an 
aliquot  part  by  oxidation  and  precipitation  with  ammonia.^  Fusr  the 
residue,  which  was  insoluble  in  the  veiy  dilute  nitric  acid,  with  bit^d- 
phate  of  potash,  take  up  with  cold  water,  filter  oHT  any  residual  silica^ 
collect  and  weigh  it  and  add  the  weight  to  that  fuund  above  ;  pass  sul- 
phuretted hydrogen,  endeavor  to  precipitate  any  titanic  acid  that  may 
be  present  by  boiling  and  paasing  a  stream  of  carbonic  acid,  boil  the  fil- 
trate or  the  clear  solution  with  nitric  acid,  precipitate  the  alumina  with 
ammonia,  and  separate  it  from  the  small  quantity  of  sescpiioxide  of  iron 
that  may  pos,sibly  Ym  preaent  by  the  meth«xl  given  p.  5i'l  {preci[)itate,  IJ), 
In  this,  as  in  that  case,  regard  must  be  paid  to  phosphoric  uciti,  as  its 
presence  would  give  fictitious  weight  to  the  alumina.  If  chromium  were 
pre^nt,  it'^  oxide  would  likewise  have  to  be  separated  and  dettn-mined  in 
this  precipitate. 

The  pr(»cipitates  d  and  (/'  have  given  up  to  the  acetic  acid  almost  the 
whole  of  their  sulphide  of  manganese.  Filter  off  the  solution^  8usj:»end 
the  residue  in  snljihuretted  hydrogen  water,  and  add  some  hydrochloric 
acid.  Under  these  circumstances,  the  sulphide  of  zinc  and  any  residual 
Bulphiile  of  manganese  are  disaolved,  while  the  sulphide  of  copjier  (which 
is  not  here  estimated),  sulphide  of  nickel,  and  sulphide  of  cobalt  are  left 
behind.  Evaporate  the  hydrochU^ric  acid  solution  to  a  small  bulk,  boil 
with  excess  of  solution  of  soJa,  ju'ecipitate  any  zinc  from  the  solution 
by  sulphuretted  hydrogen,  dissolve  any  separated  hydnite  of  protoses- 
quioxide  of  manganese  in  hydrochloric  acid,  add  the  solution  to  the 
acetic  acid  solution,  and  detennine  the  mangiuiese  in  the  mixture. 
Incinerate  the  filter,  containing  the  sxdphides  of  copper,  luckel  and 
cobalt,  dissolve  in  hydrochloric  acid,  precipitate  with  sulphuretted  hy- 
drogen, and  in  the  filti-ate  thus  freed  from  copper  estinmte  the  nickel 
and  cobalt. 

6.  Determinatwn  in  one  portion  of  the  metals  of  Qroupg  Y.  and 
VI.  and  of  the  phomphorttit. 
Treat  10  grm.  of  the  ciist  iron  in  tlie  finest  possible  state  of  division 
with  a  previously  heate<l  mixture  of  1  volume  of  nitric  acid  and  *t  vol- 
umes of  hydrochloiic  acid  (both  acids  must  be  pure  and  strong)  in  a 
very  ca|iacious,  long-necked,  obliquely  placed  flask  at  a  gentle  heat. 
When  all  visible  action  has  ceased,  decant  the  solution  and  treat  the 
residue  with  a  fresh  portion  of  aqua  regiu.f  Mix  the  solutions,  dilute 
copiously  and  t!*t*at  in  a  large  flask  with  sulphuretted  hydrogen,  at  first 
in  the  ct>ld,  then  at  70'^.     I  may  here  obsei-^e  that  the  solution  usually 
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*  It  is  not  advisable  to  detarmme  tb<)  iron  in  a  separately  weighed  smaller 
quantity^  nnlesB  the  sample  to  be  eicamined  is  perfectly  homogeneoua 

f  In»teiid  of  aqua  regia,  bromine  and  water  may  be  used.  The  solution  goes 
on  rapidly,  at  first  almost  violently,  if  the  bromine  is  in  exoem  and  the  mixture 
is  digested  at  30"— 30\  Toward  the  end  assist  the  sotiou  by  the  heat  of  a  water- 
bath  (J.  Nidd^sX  If  thiB  method  la  employ ed^  I  should  stiU  recommend  that  the 
rasidtte  be  treated  with  aqua  regia. 
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retains  a  brownish  tint  from  diawlTed 

sesquichloride  of  iron  is  redaoed.    AIlov  tkt 

phuretted  hydrogen)  to  settle  for  24 

which  consists  principally  of  snli^nry 

phide  of  carbon.     There  usnally 

often  contains,  besides  sulphide  of  copper,  a  fittfe 

and  sulphide  of  antimony.     Separate 

present  of  the  fifth  and  sixth  groups,  aceofdiiig  to  tkt 

Section  V. 

Free  the  filtrate  from  the  sulphuretted 
excess  of  the  gas  by  transmtssion  of 
sesquichloride  of  iron,  nearly  neutralize  tlie 
ate  of  soda  and  precipitate  with  carfoonafte  of 
Treat  the  precipitate,  which  contains  the  wliofe  of 
(produced  by  the  oxidation  of  the  phoqihonis 
chloric  acid,  precipitate  the  baryta  with  sdIj^i 
to  small  bulk,  precipitate  the  pho^hoiic  acid  with 
num  and  determine  it  after  p.  271,  3. 

As  a  portion  of  the  phosphide  of  iron  may  liaTe 
the  aqua  r^ia,  fuse  the  residue  insoluble  tfaeieia  wiHi 
and  nitre,  and  test  the  aqueous  solution  of  tlie  ~ 
phosphoric  acid. 


18.  ANALYSIS  OF  MANTJUES. 

§231. 

I  iPEAK  here  simply  of  the  manures  which   owe  their  origin  to  Ifcs 

urine,  excrements,  blood,  bones,  Jte,,  of  animals,  or  are  prepared  by  ike 
decompoaition  of  apatite,  lirc,  V»y  acida.  The  examination  of  manures 
haa  chiefly  a  practical  object,  and  demandsi  accordingly  simple  met  hods. 
The  value  of  a  manure  depends  upon  the  natui'e  and  condition  of  its 
constituents.  The  following  constitiients  are  the  most  inipoi*tant: — -or- 
ganic matters  (characterized  by  their  carbon  and  nitrogen),  ammonia 
salts,   nitrates,  phosphates,  sulphates,  and   chlorides   with   alkaline   and 

Ikaline   earthy  basen   (potassa,  soda,  lime,  magneiiia).     To  these  sub- 
lincei^  we  know  the  etlicacy  of  a  majiiire  m  owing,  but  as  to  the  condi- 

mn  in  which  they  exercise  the  most  favorable  action,  our  views  are 
much  leas  clear;  indeed,  it  in  obviouis  that  a  universally  applicable  and 
valid  mlt!  cannot  well  be  laid  down  iii  this  respect ;  since  the  agricul- 
tunst  Boiiietirnea  wishes  a  manure  containing  most  of  its  constituents  in 
a  st^te  of  stdution,  wliich  will  accordingly  exercise  a  speedy  fertilizing 
action,  and  sometimes  one  which  will  only  ^idually  supply  the  soil  with 
the  substances  required  by  the  plants.  As  regards  the  insoluble  mate- 
rials of  manures,  it  may  be  safely  lisserted  that  their  value  advances  in 
proportion  as  their  degree  of  tiivasioa  and  solubility  increases. 

I  will  here  give,  1,  the  outlines  of  a  geneml  method  of  eitamination 
applicable  to  almost  all  kinds  of  manures;  2,  methods  of  valuing  guano 

ttd  manures  prepared  from  bones,  apatite,  Ac. 


A.  Oe}7eiial  Process* 
§  232. 

Mix  the  manure  uniformly  by  cliopping  and  grinding,  then  weigh  off* 
Huccessiv^ely  the  several  portions  required  for  the  various  estimations. 

1,  Detennifmtion  of  th^e  IVaier. — Dry  10  grm*  at  125^,  and  deter- 
mine the  loss  of  weight  (§  2i^),  (It  is  rarely  necessary  to  make  a  oor- 
re^ction  on  account  of  the  cai'bonate  of  ammonia  which  escapes  with  the 
water.*) 

2.  Total  Anwuni  qfjiased  Cont^tiiiwuU, — Incinerate,  at  a  gentle  heat, 
a  weighed  portion  of  the  residue  left  in  1,  in  a  thin  porcelain  dish; 
moisten  the  ash  with  a  Bolntion  of  carbonate  of  ammonia,  dry,  ignite 
gently,  and  weigh. 


*  To  do  so,  dry  the  mantire  in  a  boat  inserted  in  a  tube ;  the  tube  is  heated  to 
10(>'  in  the  water-  or  air-bath,  a  current  of  air  be  lag  transmitted  tbroagh  it,  by 
means  of  an  aapirafcor :  tbe  air  enters  through  coneentrated  sulphuric  acid,  and 
B-kes  its  exit  throug'b  two  U-tubes  containing  standard  Bulphurio  acid.  After 
/ing,  tho  quftutity  of  Dmuioma  expelled,  which  has  combined  with  the  standard 
add,  is  determined  (g  99,  Z). 
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3.  ConHtiiumU  mduhle.  in  Water^  mid  insdiihle  in  Water, — Digest  10 
grin,  of  the  fresL  nrnnure  vvitli  about  300  c.  c.  waiter,  collect  the  rf&idue 
on  a  weighed  filter,  wash,  dry  at  125^,  and  weigh.  Tbe  weight  found 
expreBfias  the  total  f|iiaiitity  of  the  Hubstaiices  inaoltible  in  wnter,  and 
the  (iitferenee — alVr  deducting  tlie  water  found  in  1 — gives  the  amotmt 
of  the  soluble  couBtitueiits.  Incinerate  now  the  insoluble  residue,  tri^iit 
with  eai'bonat^  of  ammonia,  aa  in  2,  and  weigh  ;  the  weight  expresses 
the  total  amount  of  the  fixed  constitut^nts  contained  in  the  insoluble 
part,  and  the  lUtlerence  between  thi«  and  the  a&h  in  2  gives  the  total 
amount  of  fixed  constituents  contained  in  tlie  soluble  part. 

4.  J^^ixtd  ConMUuenfs  muf/lt/, —  [Obtain  3 — 5  grra.  of  ash  according  to  2. 
Treat  2  gi'm.  with  hot  dilute  hydrochloiic  acid  until  only  insoluble  wwij 
tertt  (sand,  clay^  and  charcoal)  remain,  wliirh  filter  otT,  wahh,  ignite, 
weighs     The  liltrale  and  washings  are  brought  to  the  bulk  of  200  €•  C^ 
mixed,  and  divided  into  four  equal  parts, 

a.  To  50   c.  c.  add  atnnioiiia  until  a  Blii^ht  j>ermanent  precipitate 
formed,  then  enough  hydrochloric  acid  to  dissolve  this  precipitate,  h< 
to  boiiiiig,  and  add  acetate  of  soda  a«  long  as  a  precipitate  forms, 
ignite,  and  weigh.     Two  cases  may  here  present  themselves, 

a*  If  the  precijiitate  before  ignition  were  i*ed  it  contains  all  the  iron, 
alumina,  and  phQ&])horic  acid.     In  this  case  dissolve  it  in  concentrated 
hydrochloric  acid  with  cautious  addition  of  sulphuric  acid,  towards  t! 
last,  linally  evapoi-ate  ofl*  the  hydrochloric  acid  (or  fuse  with  carbonal 
of  soda  and  dissolve  in  sulphuric  acid)  and  deterniiue  the  sfuquiaTu/e  oj 
tivm  volumetrically  (p.  203).     Afterwards  in  the  wime  liquid  determine 
pJtoi^phoiie  arid  hy  i}io\yhdic  solution  (p.  271).     Calculate  alumina  hy 
dillereuce.     Li  the  filtrate  from  the  acetate  of  goda  precipitate,  det-er- 
mine  Um**  as  oxalate,   and  afterwards  magnesia  as  j>yrophosphate,  ac- 
cording  to  29?  P^  •^^•^' 

^,  If  the  precij>itate  before  ignition  were  nearly  white,  it  contains  all 
the  iron  and  alumina  and  a  portion  of  the  phosphoric  acid.  It  may  bft^^f 
analyzed  as  just  described,  or,  if  very  small  in  quantity,  half  of  it  maj^^| 
be  reckoned  as  pho8[>horic  Hcid  (see  |»age  141),  From  the  filtrate  con* 
taining  free  acetic  acid,  ///ii^^  is  precipitatetl  as  oxalate  {30?  !»•  350),  the 
Becond  tiltnite  is  tlu^n  neutralize*!  by  ammonia,  wlien  all  tlie  magn^inti 
and  a  portion  of  phonphoric  acid  go  down  as  ammonio-phosphat^  of 
magnesia;  the  third  filtrate  is  treated  with  magnesia-mixture  to  separate 
the  rest  of  the  ph author ic  neitL 

b.  To  another  50  c,  c.  add  hot  concentrated  solution  of  caustic  baiytA 
in  slight  excess,  boil,  and  filter.  The  filtnite  (and  wahhings)  containing 
only  alkali  chlorides  and  chh>rides  of  barium  and  calcium,  is  treated  hot 
with  solution  of  carbonate  of  ammonia  and  some  caustic  ammonia,  i^- 
tered  froiu  carbonates  of  baryta  and  lime,  the  liquid  evaporated  aud 
ignited  to  expel  ammonia-saltB,  and  this  process  repeated,  if  need  be, 
initil  pure  alkali  chlorides  are  obtained  (see  p.  305,  last  jiaragraph),  in 
which  the  poinssa  and  soda  are  determined  according  to  1«  p.  339,  or  5» 
p.  342, 

c.  In  a  third  portion  of  50  c,  c,  estimate  sulphuric  add  by  precipita- 
tion witli  chloride  of  barium. 

The  fourth  50  c.  c.  is  reaerved  for  use  in  case  of  accidents,] 
</,  Deter  mine  the   carbonic  acid  in  another  piortion  of    the  ash^  as 
directed  p.  291,  cr,  or  p,  293,  e.     Filter  the   contents  of  the   fTjksk   (in 
which  the  solution  haa  been  eiTacted  with  tlie  aid  of  dilute  nitric  acid)| 


§  233.] 


JVALT8IS  OF  OUAKO, 


815 


and  precipitate  tke  cKloriue  with  solution  of  nitrate  of  diver,  as  directed 

§  HI,  I ,  «. 

5.  ^ofa^  ofSFicwwi  of  Amnionm. — Treat  a  weighed  portion  of  the  ma- 
nure by  ScHLdarNo's  method  (p.  158,  6*), 

6.  Thial  anumnt  of  ^itrof/en. — Moisten  a  weighed  portion  of  the 
manure  with  a  dilate  so!utif>n  of  oxalic  aoid  in  Bufticient  quantity  to  im- 
part a  feebly  acid  reaction ;  diy,  and  determine  tlie  nitrogen,  in  the  en- 
tire mass  or  in  a  weighed  portion,  after  §  185,  If  you  defJuct  from  the 
total  amount  of  nitrogen  so  found  the  tjuantity  corresponding  to  the 
ammoni]^  and  the  nitric  acid,  the  difference  shows  the  quantity  of  nitro- 
gen contained  in  the  organic  substaiices.  It  is  generally  sufficient,  how- 
ever, to  know  the  total  amount  of  the  nitrogen, 

7.  Totfd  amonnt  of  Carbon. — Treat  a  portion  of  the  dried  residue  of 
1  by  the  process  of  organic  analysis  (g  189).  If  the  drietl  manure  con- 
tains carbonates,  determiue  the  carbonic  acid  in  a  separate  portion,  and 
deduct  the  result  from  the  total  auioimt  obtained  by  the  orgaruc  analy- 
fds ;  Uie  ditference  shows  the  quantity  of  ciirbonic  acid  formod  in  the 
latter  process  by  the  carbon  of  the  organic  sid*8tiinee.H. 

8.  Citric  Aeifi. — Treat  a  weighed  portion  of  the  manure  with  water, 
and  evajjorate  the  soltition,  witli  atlditioii  of  pure  carbonate  of  soda  t<:i 
distinct  alkaline  reaction;  tilter  after  some  time,  then  evaporate  the  fib 
trate  to  a  small  b\iLk,  and  liet^rniine  in  fractional  partn  of  it  the  nitric 
acid.  As  the  solution  will  wciu'cely  ever  be  free  from  organic  matter, 
employ  Schloslng's  method  (p.  33 1), 

B,    ANALYSIS   OF    GUAifO. 

§233. 

Guano  consists  of  the  excrements  of  sea-fowls,  more  or  less  altered* 
It  not  only  varies  very  considerably  in  quality  in  the  different  inlands 
from  which  our  supplies  are  derived,  but  is  often  also  fraudulently  adul- 
terated with  earth,  brick-dust,  carbonate  of  lime,  and  other  matters. 

The  guano  n*  mixed  as  imifurmly  as  possible,  and  that  which  is  in- 
tended for  analysis  is  put  into  a  stoppereil  bottle. 

1.  Deter  mi  nallofi  of  ihs  Water. — Thin  is  etlected  exactly  as  on  pv  543 
(1),  In  exact  analyses  the  carboDute  of  ammonia  must  not  be  over- 
looked— (see  note).     Genuine  guano  loses  from  7  to  18  f>er  cent. 

2.  Total  animuit  of  fixed  VonMiiuents. — Incinerate  a  wtdghed  portion 
in  a  porcelain  or  platinum  cnicible  |(laced  in  a  slanting  position,  aod 
weigh  tJie  ash.  Good  guano  leaves  from  30  to  33  per  cent,  of  ash,  guano 
of  bad  quality  from  GO  to  80  per  cent.,  and  a  wilfidly  adulterated  ai'ti* 
cle  often  even  more.  The  ash  of  gemiiiie  gimno  is  white  or  gray.  A 
yellow  or  reddish  color  indicates  adwlteiiiiiou  with  loam,  sand,  or  earths 
In  the  ^t  stage  of  the  decomposition  by  heat,  good  guano  emite  a 
strong  ammoniacHl  odor  and  whit«  fumes. 

3.  Can^iititenls  sduble  in  Waler^  and  insoiubk  in  Wa£er,f — Heat  10 

•  Small  quantities  of  ammonia  are  determined  with  d«^"normal  Milphuric  acid. 

f  It  must  be  mentioned  that  the  qunlity  and  quantity  of  the  cotiatituentA  solu- 
ble in  water  are  by  no  means  oonBtant  for  the  name  (^nano.  Liebig'  (Annat  d. 
Cbeto.  u.  Pharm.,  119,  13  y  has  nhovrn  thiii  the  kind  of  aalti  which  pass  into  sola* 
tion  varies  according  to  whether  one  ^ters  the  solution  off  immodmtdy  or  after 
35 
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gnxL  guano  with  about  200  c.  c  water,  oolleoi  tiia  rendne  on  » ' 
filter  without  delay,  and  wash  it  with  hot  water,  until  the  inter  i 
o£f  looks  no  longer  yellowish  and  leaves  no  reaidue  irlieii  evi 
upon  platinum  foil ;  dry  the  residue,  and  weudli.  Deduct  the 
the  ^Crater  and  the  residue  from  the  weight  of  iLe  guano ;  the  ra 
expresses  the  amount  of  the  soluble  constituentB.  Tnciniirmte  the  ml- 
due  and  weigh  the  ash ;  the  difference  shows  the  amount  of  the  fiied 
soluble  salts.  With  very  superior  sorts  of  guano,  the  reodue  lUMluble 
in  water  amounts  to  from  50  to  55  per  cent.,  with  inferior  sortie  to  from 
80  to  90  per  cent.  The  brown-colored  aqueous  solution  of  genuini 
guano  evolves  ammonia  upon  evaporation,  emits  a  urinous  nuell,  and 
leaves  a  brown  saline  mass,  consisting  chiefly  of  sulphatee  of  aoda  and 
potassa,  chloride  of  ammonium,  oxalate  and  phosphate  of  aimnjMiiai 

4.  IfHaxd  Carutituents  singly, — As  in  §  232, 

5.  Total  amount  of  Ammonia,  ^ 

6.  Total  amount  of  Nitrogen.  " 

7.  Total  amount  of  Carbon,  " 

8.  Nitric  Acid.  ** 

9.  Carbonic  Acid. — ^Employ  one  of  the  methods  §  139,  IL  Qenuine 
guano  contains  only  a  small  proportion  of  csrbonatea.  I^  thnofore,! 
guano  effervesces  strongly  when  moistened  with  dilute  hydrochkxrie 
acid,  this  may  be  regarded  as  a  proof  of  adulteration  with  carbonate  of 
lime. 

10.  Uric  Acid. — If  it  is  wished  to  ascertain  the  quantity  of  urio  add 
which  a  guano  contains,  treat  the  part  insoluble  in  water  with  a  weak 
solution  of  soda  at  a  gentle  heat,  filter,  and  acidify  the  filtrate  with  hy- 
drochloric acid,  to  precipitate  the  uric  add.  Collect  on  a  weighed  filter, 
wash  cautiously  with  the  least  possible  quantity  of  cold  water,  diy,  and 
weigh. 

11.  Oxalic  Add. — As  appears  from  the  note  to  3,  the  oxalate  of 
ammonia  in  guano  plays  an  important  part  with  respect  to  the  solution 
of  the  phosphate  of  lime.  It  is,  therefore,  frequently  a  matter  of  inter- 
est to  determine  the  oxalic  acid.  This  is  best  done  in  a  separate  por- 
tion after  §  137,  dy  $.  A  little  dilute  sulphuric  add  is  first  made  to  act 
upon  the  guano,  till  all  the  carbonic  add  is  expelled,  the  sulphuric  add 
is  then  neutralized  with  solution  of  soda  fr'ee  from  carbonic  add,  the 
manganese  is  added  and  the  decompodtion  is  effected  with  dilute  sul- 
phuric acid.  I  prefer  to  conduct  the  decompodtion  in  the  apparatus 
figure<i  p.  294,  collecting  the  carbonic  acid  in  a  weired  soda-hme 
tube. 

As  the  manuring  value  of  a  sample  of  guano  may  be  estimated,  witii 
suffident  accuracy,  from  the  phosphoric  aod  and  nitrogen  which  it  eon- 
some  time.  In  the  first  case,  the  solution  oontafais  stiudi  oxalate  and  little  phoa- 
phate.  togtether  with  some  sulphate  of  ammonia:  in  the  second  case,  the  o»alatt 
of  ammonia  is  more  or  less  completely  replaced  bj  phosphate  of  MWfwftnia.^  the 
oxalic  acid  having  combined  with  lime  in  tiie  residua  The  cause  oi  tfaia  dspoit- 
ment  is  that  phosphate  of  lime,  although  when  in  oootact  with  oxalate  of  ammo- 
nia and  water  alone  it  scarcely  suffers  any  change,  ii  very  soon  oonverted  into 
oxalate  of  lime,  with  formation  of  phospludie  of  ammonia,  when  sulphate  of  aai- 
monia  (or  chloride  of  ammonium)  is  also  present  The  sulphate  of  •^^^n'Am, 
renders  the  phoKphate  of  lime  somewhat  soluble,  the  dissolved  part  is  at  onot 
precipitated  by  the  oxalic  acid,  and  the  sulphate  of  ammonia  is  thna  fWiaWfltti  tc 
act  afresh  upon  the  phosphate  of  lime. 
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tarns,  the  aneilysis  in  often  considerably  shortened,  and  confia^  to  the 
folJowing  processes  i — 

a.  JJtfterminaiian  of  Water  (see  1). 

h,  Deierniinatioii  of  Ash  {see  2). 

c,  Dtternihiatiou  of  Pho^phoHc  Acid. — Mix  1  part  (1  or  2  grm.)  of 
the  sample  of  guano  with  1  part  of  carbonate  of  aoda  and  1  part  of 
nitrat-e  of  potansa  ;  ij^nite  caiitiou»ly,  diiisolvo  the  residue  in  hydroehlo- 
nc  acid,  evaj>orate  to  dryness  on  the  wat^jr-bath,  treat  with  hydrocklo- 
ric  acid  and  wat<fr,  filter,  add  ammonia  to  the  tiltrat-e  t-o  alkaline  reac- 
tion, then  acetic  acid  mitil  the  phosphate  of  lime  is  redisBolvetl,  and 
lastly — without  pi-eviously  filtering  off  the  very  trifling  precipitate  of 
phosphate  of  sesquioadde  of  iron — acetate  of  senijidoxide  of  uranium,  and 
determine  the  phosphoric  acid  as  directed  p.  27 2,  t\ 

rf.  DHer/ntTuUioa  of  N'ifrof/t^n,  afk^r  §  185.— As  mixing  the  guaoo  in 
the  mortar  with  soda-lime  would  be  attended  with  escape  of  an  appre- 
ciable amount  of  amanjuia,  it  in  advisable  to  effect  this  Operation  in  the 
combustion  tube,  with  the  aid  of  a  wire  (comp.  pp.  426 — S). 

C,  Analysis  of  Bone  Dust 
§  234. 

There  are  three  sort^  of  bone  dust. 

L  The  powder  obtained  by  the  gionding  of  more  or  less  fresh  boneSj 
which  1!^  generally  very  coarse.* 

IL  The  powder  obtained  by  the  grinding  of  more  or  less  decayed 
bones, 

in.  The  powder  of  bones  which,  previous  to  the  operation  of  grind- 
ing, have  been  submitted  to  the  action  of  boiling  water,  or  high-pressure 
tteam. 

I.  is  very  ooarse,  and  contjiins  a  relatively  large  proportion  of  fat  and 
of  geilatigenous  mutter.  II,  is  conatdei-ably  poorer  in  organic  substanoeg. 
III.  is  much  finer  than  1.  and  IL  ;  it  contains  hardly  any  fiit,  and  is 
somewhat  poorer  in  gelatigenous  matter. 

1.  Examine  the  powder,  in  the  first  place,  by  careful  inspection, 
sifting,  and  ehitriation,  to  ascertain  the  degree  of  comminution,  and  the 
presence  of  foreign  matters, 

2.  DetermhuUion  cf  iHa   ^VnU^, — Dry  a  sample  at  125°. 

3.  Tokd  a  nut  nut  tf  fi^ctjl  (JongfUuenlft, — Ignite,  about  5  grm.,  with 
access  of  air,  until  the  aHh  a^ifiears  white;  moii^ten  with  carbonate  of 
ammonia,  dry,  ignite  gently,  and  weigh  the  residue. 

4.  J^^keed  Oonstituenttf  singly, — Treat  the  a«h  of  3  with  dilute  hydro- 
chloric acid,  filter  off  the  iuaokible  jjortion  {wand,  Jbc.),  and  determine 
the  sesquioxide  uf  irou^  Urae,  magnesia,  chloride  of  sodium,  and  phos- 
phoric acid  in  the  solution  as  dii'oeted  §  232,  4. 

6.  Nitrogen. — Ignite  0*5 — OH  gi*m.  with  soda-lime  (§185). 

6.  J*iiL — Exhaust  5  grni.  of  the  sample  (gi-ound  as  finely  as  possible), 
by  boiling  with  ether,  and  dry  the  residue  at  125*^.  The  loss  of  weight 
minii^  the  moisture  found   in  2,  shows  the  amount  of  fat.     By  way  of 

*  ['*  Floor  of  bone  "  obtained  from  fresh  bonea  contaioa  sevenl  per  oent  of 
oommon  salt  to  preserve  it  from  patrefautioo.] 
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control,  Uie  ether  mtkj  hes  distil] eii  off,  and  ibe  residua]  £ftt  weigbad,  cam 
being  takeu  to  loave  no  water  under  tlie  fat. 

7.  Deduct  from  tlie  total  weight  the  sum  of  the  Exed  eoustitueiitE, 
CMirbouic  acid,  wjiter,  and  fat ;  the  differeuce  expresae^  tl^  gfeUtiigemus 
maiier.  

8,  Detjermine  the  carbonic  aeid  after  p.  293  e. 


D.   AK-itTSia   or  SuPEBPHOiPHATE. 

§235. 

Buhstauc^s  which  contain  buG  phoe^iSLbB  of  lime  in  a  diJHeultly  mh' 
ble  condition,  are  often  converted  into  Bo^calldd  8uperph€t»phaf^^  for  the 
purpose  of  rendiiring  the  phosphoric  acid  soluble,  aud  consaqueutlj  mi»rt 
readily  ac^eitseible  ki  plants.  This  is  done  bj  subjecting  thein  to  the 
action  of  a  certaiu  quantity  of  acid^  usuallT  sulphuric  (oceasiouallj  aft- 
sociated  with  hydrochloric),  by  which  sulphate  of  lime  (and  cbloiide  of 
calcium),  acid  phoBpbate  of  lime  and  phosphoric  a£id  are  formed,* 

The  following  bodies  are  employed  for  the  preparfttion  of  superphos^ 
phate,  viz.,  spent  bone-blaek  fii>m  i^ugar  re&ierie%  ooproUta,  apatite, 
phoepborile,  Baker  guano,  precipitated  bad^c  phosphate  of  lime  fmm 
glue  works,  and,  more  rarely,  !>one^  dust. 

As  it  is  unusual  to  employ  enough  acid  to  set  the  whole  of  the  phos- 
jihoric  acid  free,  the  supeTphosphat4?fl  generally  consiat  of  miittures  of 
aulphate  of  lime  (and  clUoride  of  calcium),  basic  phosphate  of  lime,  phoe- 
phate  of  seaquioxide  of  iron,  phosphoric  acid,  and  water.  Carbon  or 
organic  matter  (containing  nitrogen)  is  frequently  also  present.  Tb*jir 
quality  is  very  variable,  according  to  the  raw  material  employed  and  the 
method  of  treatment,  but  they  all  agree  in  this,  that  they  consist  of  sub- 
stances (a)  readily  soluble  in  water,  (b)  difficultly  soluble  in  water,  and 
(c)  insoluble  in  water. 

Before  we  can  judge  of  the  value  of  a  superphosphate  it  is  abso- 
lutely necessary  to  know,  not  merely  the  quantity  of  the  constituents, 
but  how  they  are  combined  and  how  they  deport  themselves  with  sol- 
vents ;  hence  the  analysis  becomes  somewhat  complicated. 

1.  Dry  about  3  grm.  of  the  sample  at  160 — 180°.  The  loss  of  weight 
expresses  a,  the  moisture  /  6,  the  water  of  the  sulphate  of  lime. 

2.  Triturate  10  grm.  of  the  undried  superphosphate  in  a  dish  with 
cold  water  by  the  aid  of  a  pestle,  till  all  the  limips  are  completely  bro- 
ken down,  allow  to  settle,  pour  off  the  clear  supernatant  fluid  through  a 
filter,  and  repeat  the  extraction  with  cold  water,  till  the  fluid  no  longer 
shows  acid  reaction.  Dilute  the  aqueous  solution  so  obtained  to  500 
c.  c,  and  dry  the  residue  at  about  100°. 

3.  Divide  the  aqueous  solution^  which  generally  appears  yellow  from 
the  presence  of  organic  matter,  into  4  portions,  viz.,  a,  6,  and  c,  of  100 
c.  c.  each,  and  c?,  of  200  c.  c. 

a.  Evaporate  in  a  platinum  dish,  adding,  after  some  time,  cautiously, 
thin  milk  of  lime  just  to  distinct  alkaline  reaction ;  proceed  with  the 
evaporation,  dry  the  residue  at  180°,  and  weigh;  ignite  the  weighed 


*  Comp.  Eemh.  Weber,  Pogg.  Annal.  109,  505. 


residue  and  weigh  again :  the  difference  between  the  two  weighings  ex- 
the  quantity  of  organic  matte)''  in  the  aqueous  solution.     BoU 

t  residue  with  pure  lime-water,  then  with  water,  tilter,  precipitate  the 
sulphuric  acid  from  the  filtrate  by  addition  of  a  little  chloride  of  barium, 
then  the  baryta  and  lime  by  carbonate  of  ammonia,  and  determine  the 
alhalie^  as  chlorides  according  to  p«  345,  16- 

h.  Precipitate  wit\\  chloride  of  l>ariuin,  and  detennine  the  stUphurie 
acid  in  the  usual  way  (|  132,  L,  1)» 

c.  Serves  for  the  determination  of  any  htfdrochJorie  acid  afler  §  141, 
Organic  matter,  if  present  in  large  quantity,  is  destroyed  as  in  d, 

d.  Add  an  excess  of  carbonate  of  soda  and  a  little  idtrate  of  potaasa^ 
and  evjiporate  to  dryness  in  a  platinum  dish.  Ignite  the  residue  gently^ 
then  soften  with  water,  rinse  into  a  beaker,  add  hydrochloric  acid^  and 
apply  a  gentle  heat  imtil  complete  solution  is  eifected.  Add  to  the 
clear  fluid,  ammonia,  then  acetic  acid  in  excess  ;  filter  otf  the  phoup ha t^. 
of  seminioxhie  of  iroUj  antl  divide  the  filtrate  into  two  equal  portions. 
Determine  in  one  the  phoftpfwric  acid*  with  uranium  solution  either 
gravijnetiieally,  after  p.  272,  c,  or  by  the  volumetric  method^  p*  274. 
EstiiiiHte  in  tbe  other  portion  the  Itnie  and  magnesia  as  directed  p. 
$VJ,  29. 

4.  Transfer  the  residue  of  2  to  a  weighed  platin\ina  dish,  add  the  aah 
of  the  filter,  dry  at  18CP,  and  weigh.  The  weight  expresses  the  total 
amount  of  substances  insoluble  in  water.  Now  ignite  gently,  with  access 
of  air,  until  the  whole  of  the  organic  mattrer  and  charcoal  is  burnt  j  the 
lo««  of  weight  indicates  the  amount  of  these  latter^ 

5.  Boil  the  residue  of  4  with  dilute  bydrochloric  acid  ;  after  boiling 
for  gome  time,  dilute  with  wat«r,  filter,  and  dilute  the  filtrate  by  means 
of  the  washing  water  t-o  :1^  litre ;  treat  the  insoluble  residue  its  directed 
inL 

6.  Of  the  hydrochloric  acid  solution  obtaineil  in  »\  mejisure  otf  two 
portions,  one  of  50,  the  other  of  100  e.  c.  In  the  foiiner  determine  the 
sulphuric  acid^  in  the  latter  the  plwsphale  of  sfftquioxide  of  iron  (if 
-present),  lirthf^  vutgiymn^  2^d  phosphoric  atrid*  as  in  3,  b  and  d, 

7.  Dry,  ignite,  and  weigh  the  insoluble  residue  of  5.  It  genenilly 
consists  only  of  sand^  c/w^,  and  silicic  add.  To  make  qidte  sure,  how- 
ever, boil  with  concentrated  hydi-ochloric  acid  ;  should  some  more  sul- 
phate of  lime  be  dissolved,  determine  tlie  amomit  of  this  in  the  solu- 
tion, 

8.  Ijastly,  determine  the  nitrogen  in  0*8 — 1  grm.  of  the  snpcrfihos- 
phate  (§  185).  In  arranging  the  results,  it  must  not  be  forgotten  that 
the  nitrogen  is  part  of  the  organic  matter  previously  determined. 

9.  Shovild  the  superphosphate  contain  an  ammonia  salt,  determine 
the  ammonia  ad  directed  p.  157,  3,  a. 

As  regards  the  statement  of  the  results,  the  following  plan  presenta  a 
very  good  bird's-eye  view  of  the  analysis ; — - 


I 


I 
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*[  Many  Bitiperpbospliates  coDtah]  considerable  qnantitiefii  of  phosphates  of  iron 
and  aliimiiui  which  are  to  some  extent  extracted  bj  water.  Id  auch  caaeii  thci 
above  method  will  not  give  good  reBulta,  but  tjoth  the  soluble  and  insolable 
phosplioiic  acid  must  be  aeparated  bj  meAiiB  of  molybdic  solution,  either  from  tbtt 
original  solation  in  water  or  hjdrocModo  acid,  or  from  the  acetate  of  ammonit 
precipitate.     See  p.  271.] 


Oonstitaents 
readily  boIu-  - 
ble  in  water. 


0150         —  - 


650  SPECIAL  PABT.  [§  2S6. 

phfMphorto    HHro- 
Hydrate  of  phosphorio  add  (8  H  O,  P0»).     1615      11*70        — 

Constituents  ] 

soSw^^m    [  Sulphate  of  lime  (CaO,  S0,+3  aq.) 42-00         —  - 

water        I 

Conirtitnenta  f  P^«^'«'"""^d 81»      2-l»  - 

Rohibie  in   J  Lime,  )      oombmed  with  the    ) 

aS^        [Magnesia,  >  phosphoric  add  to  more  V      1*01         —  — 

{  Sesqoiox.  iron,  )       or  less  bade  salts      ) 
Oonstitaents ) 

insoluble  in  V  Clay  and  sand 2'40         —  — 

adds.         ) 

Organic  oonstitaents  and  carbon 6*51  —       0*41 

Moistare 2915         —  - 
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It  will  be  seen  that  we  calculate  the  sulphuric  acid  found  in  solution 
and  residue  into  sulphate  of  lime,  and  add  both  the  quantities  together. 
The  residual  quantities  of  lime  in  the  solution  and  the  TesiduOy  i.0.y  the 
portions  not  combined  with  sulphuric  add,  are  then  put  down  as  above. 
If  the  superphosphate  was  prepared  with  sulphuric  and  hydrochlfflie 
adds,  the  chlorine  in  the  aqueous  solution  is  to  be  calculated  into  chlo- 
ride of  calcium,  and  the  lime  corresponding  thereto + the  lime  combined 
with  sulphuric  acid  is  to  be  deducted  from  the  total  quantity  found  in 
the  aqueous  solution.  The  remainder  is  then  to  be  put  down  as  dis- 
solved by,  or  combined  with,  phosphoric  add, 

[Abridged  Analysis  of  Supebphosphates. 
§236. 

For  most  ordinary  purposes  it  is  sufficient  to  estimate  on  1  grm. — 

A.  Water  expelled  at  100°  by  drying  in  water-bath. 

B.  Organic  and  otiier  volatUe  matters  by  gentle  ignition  and  incine- 
ration of  A  until  carbon  is  mostly  consumed. 

C.  Sand  and  insoluble  matters  by  treatment  of  the  residue  of  B  with 
nitric  acid. 

D.  Total  phosphoric  acid  in  -J  of  the  solution  C  by  means  of  molyb- 
die  solution,  when  iron  and  alumina  are  present  in  quantities  of  over 
^  per  cent. ;  or,  in  absence  of  iron  and  alumina,  by  titration  with  stand- 
ard uranium  solution. 

E.  /Soluble  phosphoric  acid  by  treating  10  grm.  as  directed  above, 
§  235,  2  and  estimating  phosphoric  acid  in  aliquot  parts  (50  c  c.)  of  the 
solution,  with  uranium  or  molybdic  solution — see  foot-note  p.  549. 

F.  Nitrogen  in  0'5  grm.  by  combustion  with  soda  lime,  §  186. 
More  important  than  determining  the  quantities  of  lime,  magnesia, 

Ac,  is  a  study  of  the  condition  of  the  phosphates  insoluble  in  water,  and 
of  the  nitrogen.  The  former  are  much  more  valuable  as  fertiUseii 
when  existing  as  bone-earth  than  when  composed  of  crystallized  apatite 


§§  237,  238.1 
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or  compact  coprolite.     The  latter  in  gelatine  or  blood  is  very  aciiTe, 
wliile  IB  the  form  of  leather  ^havinga  it  is  nearly  inert.] 

E,  Akalysis  of  Bone  Black, 


§237. 


Bone  black  ia  extensdvely  eraployiHl  for  decolorizing  and  remoTillg  tbd 
liDie  from  the  juice  in  the  preparation  of  beetroot  sugar,  and  in  the  re- 
flniiig  of  cane  sugar.  Wht'u  freshly  pn^|>ared  it  consists  of  a  luixtun^  of 
bone  eailb  with  7 — 10  j>er  cent,  of  carbon,  but  on  usr^  it  takes  up  liiuo, 
coloring  matter^  maeilagn,  ttc,  from  which  it  iw  freed  durijig  the  [^roceHs 
of  reanimation,  by  washing,  treating  with  hydrochlonc  acid,  washing 
again,  drying  and  igniting.  Wlien  at  last  it  is  thoroughly  used  up,  or 
**  8|>ent/'  it  passes  into  the  manure  manufactories,  and  ia  then  generally 
apjilied  to  the  preparation  of  supeqilnisptiate.  As  the  bono  black  is 
much  altered  and  contaminated  by  the  numerous  operations  through 
which  it  [lajtses,  it«  value  varies  vei'y  considerably,  and  can  only  be  es- 
timated by  analysis.  Again,  before  being  submitted  to  the  revivifying 
proce«a,  bone  black  always  rerjuires  testing,  in  order  that  it  may  ba 
known  how  much  hydrochloric  acid  it  is  necessary  to  employ;  in  this 
case  we  have  to  iind  the  quantity  of  the  lime  which  is  not  combined 
with  |ihnH|dioric  acid  (and  which  is  usually  pi*esent  in  the  form  of  carbo- 
nate of  lime). 

We  d^^scribe,  in  the  first  plaet^^  the  ordinary  method  of  analysing 
bone  black,  and  then  a  process  for  determining  the  carbonate  of  lime. 

General  Process. 

1.  Dry  2—3  grm.  at  160— 180"*,     The  loss  of  weight  indicates  the 

2.  Dissolve  5  grm.  in  the  flask  a  of  the  apparatus  figured  p.  293,  and 
determine  the  c»r6ofiiV  aeid  as  there  described. 

3.  Filter  the  solution  through  a  weighed  filter^  wash  the  refiiduoj 
dry  at  100®,  and  weigh.  Tins  w^ill  give  you  the  sum  of  the  chai-coal, 
the  insohibie  orgiinic  matter  and  the  minei-al  im[)uritie8  insoluble 
in  hydrocliloric  acid  {sand  and  clay).  Now  ignite*  the  dried  filter 
with  access  of  air.  This  will  give  you  the  sami  and  rlai/  as  the  resi- 
due.    The  cfuireotd  and  insoluble  Qtijanic  matter  is  found  by  ditierence. 

4.  Make  the  filtrate  obtained  in  3  up  to  250  c.  c.  and  detjemiine  in 
100  c.  c.  iro«,  !ime^  maf/n^^luy  and  phoHphorie  acul^  in  5(*  c.  c,  the  tnd- 
phuri^  (icid  that  may  b<^  present,  and  in  the  last  100  c.  e.  the  cdkalies 
possibly  present  according  to  §  232,  A.  p.  544. 

b,  DLssolve  another  weighed  portion  of  the  substance  in  dilute  nitric 
acid,  dilute  and  determine  in  the  filtrate  the  hydroMoric  acid  possiblj 
present. 

Process  for  Determininq  the  Carboxate  of  Loll  or  the  Car- 
bonate or  Lime  and  Caustic  Lemm, 


238. 


For  determining  e&rbanaie  of  lime  3  grm.  of  the  bone  black  are  dried 
and  pminl^T^  asfineit/  a*  poenble.     Estimate  cai'bonlc  acid  according  to 


bbt 
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ff^  p,  298,  from  tlm  calculate  the  carb&n&fe  of  lime*  If  a  bone  bkck 
eofitaiBS  hydrate  of  litnje^  moisten  a  portion  weighed  off  in  & 
dish  with  10— -20  drops  of  carbonate  of  atoiuotiiii,  evaporate  to  d  _ 
heftt  the  rBBidue  somewhat  more  strongly  (but  by  no  me&0£  to  ignitioi!)^ 
and  transfer  without  loss  to  the  decomposing  bottle.  CalcoJate  b£  be- 
fore ;  the  excess  over  the  first  estimatloii  m  carbonate  ©cjnivalejat  to  Hie 
ea Elide  lime  pi^^ent. 
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For  technicml  purposes,  egtimationfi  of  naoistiire,  a«hj  cokie,  and  Tolalile 
matters  usually  suffice,  Drtammiation  of  gnlpbur  ia  leu  ^eqaeotly 
required,  and  ultlmiite  anidyaia  i»  only  re^^rted  to  in  special  casea* 

a,  M&Mit^f.  The  finely  p\ilveriee<l  coal  (3^6  grm.)  is  he«l6d  to 
1 10 — 1 15*  for  an  hour  or  more,  or  until  it  oeaa^  to  lose  weight  (le©  g  29V 
Many  bitumlnoua  coals  gain  weight  after  a  time  from  oxidation  of  sul- 
phides or  hydro^carbonfi  (WHiTSfEY).  AceordiDg  to  Hikbi<:hs^*  dijbg 
the  cofil  for  one  hour  effeetfi  the  maximum  loBS. 

b.  Coke  and  voiatUt  matters.  The  dried  coal  of  a  is  sharply  heated 
in  a  cloiad  platinum,  or,  in  pre*iPiice  of  milpliides,  in  a  porcelain  crucible 
as  long  ae  combustible  matters  issue  from  it.  It  is  then  cooled  quickly. 
The  loes  is  set  down  bs  volatile  matters.  The  residue,  less  the  ash,  is 
coke^ 

f.  A»h.     The  residue  othm  incinerated  in  a  cmeible  placed  aslant* 
cL    Carbon  and  hydro ffm^  are  determined  by  combustion  with  chromato 
of  lead  and  bicbromate  of  potash,  §  177. 

e,  Nitrogen  ia  estimated  according  to  §  186, 

f,  Sulphwr  is  determined  as  directed  §  219,  c.  p.  515,  but  the  evapora- 
tion with  hydrochloric  acid  is  omitted,  and  the  sulphate  of  baryta,  after 
decanting  the  supernatant  liquid  upon  a  filter,  is  boiled  up  two  or  three 
times  with  dilute  solution  of  acetate  of  ammonia^  to  free  it  from  adhering 
salts.     Stoker  kstd  Pearson.] 

•  Chemical  News,  19,  282. 


ni.  ANALYSIS  OF  ATMOSFHERIC  AIB. 


§  240. 

Ik  the  anidysia  of  atmosplieric  air  we  usually  confine  onr  attention  to  the 
following  constituents :  oxygen,  nitrogen,  carbonic  aeitl,  antl  aqueous 
Vttpor.  It  is  only  in  exceptional  cnses  that  tlie  exceedingly  iiiinute  quan- 
tities of  ammonia  and  other  gases — many  of  which  may  be  assumed  to 
be  always  present  in  infinitesimal  traces — are  also  determined. 

It  does  not  come  within  the  scope  of  the  j>re«ent  work  to  describe  all 
the  methods  which  h&VQ  been  employed  in  the  capital  invefttigations 
matle  in  the  ln.st  few  years  by  Bkui^'ner,  Bunken,  DrMAS  and  BoussiN- 
OAUi,T,  Reunai'lt  and  Rei«et,  and  others^  To  these  methods  we  are 
indebted  for  a  moi'e  accurate  knowledge  of  the  composition  of  our  atmo- 
sphere,  and  excellent  desmpdonB  of  them  will  be  found  in  the  works 
below,* 

I  conline  myself  to  those  methods  which  are  found  most  convenient  in 
the  analysis  of  the  air  for  medical  or  teclmical  purposes. 


A.  Determination  op  the  Water  anu  Carbokic  Acn>* 

§  2n. 

It  was  formerly  the  custom  to  effect  these  determinatioDS  by  Brunner's 
method,  which  consinted  in  slowly  drawing,  by  means  of  aii  aspirator,  a 
measured  volume  of  air  through  aceurately  weighed  apparatuses  tilled 
with  substances  having  the  property  of  retaining  the  aqueous  vapor  and 
the  carbonic  acid,  and  eatiioating  these  two  constituents  by  the  increased 
weights  of  the  apparatuses, 

JFig.  102  repreiionts  the  arrangement  recommended  by  KEONAtJLT. 

The  vessel  V  is  made  of  galvanizetl  iron,  or  of  sheet  zinc ;  it  holds 
from  50  to  100  litres,  and  stanils  u{ion  a  stroiu;  tripod  in  a  trough  large 
enough  to  liold  the  whole  of  the  water  that  r  contains.  At  a  a  brass 
tubo  c,  with  stopcock,  ia  firmly  fixed  in  with  cement.  Into  the  aperture 
6,  which  serves  also  to  fill  the  appai-atus,  a  thermometer  reacliing  down 
to  the  middle  of  T^  is  fixed  air-tight  by  means  of  a  perforated  cork 
Boaked  in  wax. 

The  eliiux  tube,  r,  which  is  jirovided  with  a  cock,  is  bent  slightly  up- 
ward, to  guiird  against  the  hnist  chance  of  air  entering  the  vessel  from 
below*  The  capacity  of  the  vessel  is  as<3ertained  by  filling  it  completely 
with  water,  and  then  accurately  rneiisuring  the  contents  in  graduated 
vessels.  The  end  of  the  tube  c  is  connected  air-tight  with  7^,  by  means 
of  a  caoutchouc  tube;  the  tubes  A — i'^aro  similarly  connected  with  one 
another.    A,  J5,  £y  and  /^arit  filled  with  small  pieces  of  glass  moistened 

•  AurfuhrMohes  Handbnch  der  analyti»chen  Chemic  von  HL  Rose,  IL  858; 
Graham -Otto'a  ansfuhrlicbes  Lehrbuch  der  Chemie,  Bd,  II  Abth.  1,  S.  103<ff  j»^./ 
Handwurterbach  der  Cliemie  von  Llebig,  Pogg^ndorff  und  W^hler,  2  Anil,  Bd.  IL 
8.  431  et  scq,  ;  and  Bansiiu'a  Gxifiometry. 
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with  pure  concent  rated  sulphuric  acid,  C  and  D  with  moist  hydrate  of 
lime.*     Final  It,  A  is  also  connected  with  a  long  tube  leadii^  lo  tbd 


Fiff.  102. 

place  from  which  the  air  intended  for  analysis  is  to  be  taken.     The  < 
of  the  tubes  are  coated  over  with  eealing-wax.     The  tubes  A  &ad  S  an 
intended  to  ^^ithdraw  the  moisture  from  the  air;  they  are  weighed  i 
gether.      (\  2),  and  I^  are  also  weighed  jointly,      C  and  D  absorb  th«i 
carbonic  acid ;  JE  the  aqiieons  \^apor  which  may  have  been  withdrawn! 
from  the  hydrate  of  Htue  by  the  dry  air.     2^  need  not  be  weighed ;  i% 
siiiiply  serves  to  protect  £^  agaiimt  the  entmnee  of  acjueous  vajwr  from  V^ 

The  aspirator  is  completely  tilled  with  water ;  c  is  then  connected  wiiiii 
^,  and  tliuft  with  the  entire  system  of  tul>es ;  the  oock  r  is  opened  a  I 
little,  just  aufliciently  to  cause  a  slow  efflux  of  water.  As  the  height  of  { 
the  column  of  water  in  l^is  continually  diminishing,  the  cock  must  frou 
time  to  time  be  opened  a  little  wider,  to  maintain  as  nearly  as  possible  aij 
UDiform  flow  of  water.  When  V  is  completely  emptied,  the  height  of  J 
the  thermometer  and  that  of  the  barometer  aie  noted,  and  the  tubes  Ai 
and  ^,  and  0,  />,  and  A'  weighed  again. 

As  the  increase  of  weight  of  A  and  Ji  gives  the  amount  of  water,  thalJ 
of  t\  />,  and  £y  the  amount  of  carbonic  acid,  in  the  air  which  haiJ 
l^assed  through  tliem ;  lUid  as  the  volume  of  the  latter  (freed  from  water f 
and  carbonic  acid)  is  accunitel}^   known  from  the  ascertained  capacity  j 

♦  With  regard  to  C  and  B^  I  have  returned  to  Imie,  preferring  it  to  pumice  4 
saturated  with  Milution  of  pota^h^  because,  as  Hlasiwets  ((.hem.  CeutndhL  1356,] 
575)  has  Bhown,  the  solution  of  potash  absorbs  not  only  carbonic  acid,  but  also} 
oxygen.  Indeed,  H,  Rose  bad  previously  made  a  similar  observation  With  re-1 
spect  to  the  other  tubes,  I  prefer  the  concentrated  ^phuric  add  to  chloride  of <! 
calcium  as  the  absorbent  for  water  (see  Pettenkofer,  Sitsungaber.  der  baycc 
Akad.  1803,  II.  Heft  !,  S.  50).  HIasiwetz*!}  Btatemcnt,  that  concentrated  sulpborio  I 
acid  alao  takea  up  carbonio  acid,  I  have  found  to  be  unwarranted  Chloride  of  j 
calcium  does  not  dry  the  air  completelj,  and,  beddea.  HlaaiwetK  imys  thjit  when  j 
it  IE  used  a  trace  of  chlorine  is  curried  away  oorrespondm^  to  the  amount  of  oiona  I 
in  the  air  (op.  cit,  p.  517). 
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of  V:  ♦  tti©  calculation  is  in  it-self  very  simple ;  but  it  involves,  at 
least  in  very  accurate  analyses,  the  following  corrections : — 

a.  Eeduction  of  the  air  in  Vy  wliicJi  is  saturatoti  with  aqueous  vapor, 
to  tlry  air  ;  since  the  air  which  penetrates  thi'oiigh  e  h  dry  (»ee  §  195,  7^. 

0,  Eeduction  of  the  volume  of  dry  &ir  so  found  to  0"^,  and  TtiO  mm. 
(§  105,  it  and  ^). 

When  the^e  calculations  liave  \yee.n  made,  the  weight  of  the  air  which 
lijia  pcnietrated  into  T'  is  readily  fi>und  from  the  datum  in  Table  V,  at 
the  end  of  the  volume  ;  and  aa  the  carbonic  acid  and  wat-er  have  also 
been  weighed,  the  res[)rctive  quantities  of  these  constituents  of  the  air 
nmy  now  he  expresaeil  in  per-eeiits  by  weight,  or,  calculating  the  weights 
into  volumes,  in  per-centa  by  measuie. 

Cottiiiderijig  the  great  weight  ami  si^e  of  the  absorption  appai-atua,  in 
comparison  to  the  iucrefise  of  weight  by  tlie  process,  at  least  25,000  c.  c, 
of  air  must  be  paiwed  through  ;  tlie  air  inside  the  liahinee-caHe  must  be 
kept  as  dry  aa  possible  by  means  of  a  snthcient  f|uantity  of  chloride  of 
calcium,  and  the  apparatus  l«ft  for  some  time  in  the  bjdanee-case,  l>efore 
proceeding  to  weigh.  Neglect  of  thcHC  measures  won  hi  lead  to  considera- 
ble errors,  more  ] particularly  lus  regurds  the  carbonic  tvcid,  the  *pmntity 
of  which  in  atmosj^heric  air  is,  on  an  av«ruge,  sd^uut  10  times  less  than 
that  of  the  aqiaeous  vapor  (comp.  Hlasiwktz,  loc.  cit.). 

For  the  ex^uH  ihtermimUwn  of  the  carbonic  achi  one  of  the  following 
methods  is  far  l>etter  suited  : — 

a,  Pro^ss  migijeU^d  hi/  Fa.  Mohk,  applietl  and  carefuUi/  tetUd  hy  H, 
v.  GiLM.f  Vox  (tILII  employed  in  his  experiments  an  aspirator  holding 
at  least  30  liti*es,  wldeh  was  arranged  like  that  shown  iu  fig.  102,  hut 
liad  a  third  aperture,  besring  a  Rmull  manometer.  The  air  waa  drawn 
through  a  tube,  1  metre  long,  and  about  15  mm.  wide;  this  tube  wtw 
drawn  out  thin  at  the  upi>er  end,  and  at  the  lower  end  hent  at  au  angle 
of  HO^-150^.  It  was  more  tiuin  half  tilled  with  coarse  fi*agmenta  of 
glass  and  perfectly  clear  baryta  water,  ami  lixed  in  such  a  position  that 
the  long  part  of  it  was  inclined  at  an  angle  of  H — KP  to  the  hori2t>ntal. 
A  narrow  glass  tube,  fitted  into  the  undrawn-out  end  of  the  tube  by 
meanjs  of  a  cork,  served  to  admit  the  air.  Two  small  fiasks,  filled  with 
baryta  water,  were  placed  Ijetween  the  absorption  tube  and  the  aspira- 
tor ;  these  were  intended  as  a  control,  to  Hhow  that  the  whole  of  the 
carbonic  acid  had  been  retained.  When  about  tiO  litreH  of  air  had  slowly 
passed  through  the  absoqition  tulje,  the  carbonate  of  baryta  formed  was 
filtered  otT  out  of  cont^ict  of  air,  and  the  tube  as  well  as  the  contents  of 
the  filter  washed,  first  with  diNtilled  water  saturated  with  Ciuboimte  of 
baryta,  then  with  pure  boili*d  water.  The  carbonate'  of  baryta  in  the 
filter  and  in  the  tube  w*ia  then  dissolved  in  dilute  hytlrochloric  acid,  the 
solution  evaporated  to  dryness,  the  residue  gently  ignited,  and  the  chlo- 
rine of  the  chloride  of  bjiriiim  determined  as  directed  §  141,  ^,  at,  1  eq, 
chlorine  represents  1  e<^.  carbouic  iR^liL  It  is  obvious  that  one  may  also 
detentiinc  the  baryta  in  the  hydrochloric  acid  solntion  by  preci]iitatiBg 
with  sulphuric  acid.  For  filtering  tli©  carbonate  of  baryta,  v,  Gjlm  em- 
ployed a  double  fuimel  (fig.  103) ;  the  inner  cork  has,  beaides  the  per- 

*  Or  from  the  quantity  of  water  which  haii  flowa  from  F,  aa  the  experiment 
may  be  altered  in  this  way,  that  a  portion  only  of  the  water  u  allowed  to  ntn 
oat,  And  received  in  a  measuiijig  Tes^eL 

f  Chem.  Centralbl,  1857,  700. 
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foration  tLro:jgh  which  the  neck  of  th^  faziz>rl  roaes.  a  Imaenl  ilit,  wluch 
estabii^h^.  a  commTinication  b>etwe<'n  the  air  in  ihe  oottr  fsnnei  mad  the 
air  in  the  bottle. 

As,  with  the  abeorpdon  apcAracns  aRViged  as  de^ 
f/nri}ffA,  the  air  has  to  force  iia  vaj  chroofii  a  ot^ninn 
of  duid.  the  manomet«:r  is  re<7^iire«i  to  decermine  the 
actual  volume  of  the  air :  the  hoAt  indicated  bj  this 
ini^tniicieiit  being  deducted  £rom  the  bAromecxic  pro- 
sure  oliserveii  tiuring  the  proeesi^ 

Fr.  Mohr^  now  njc»>TnTTW*T]dff  as  the  aheorbent 
fluid  a  ^^:•lution  of  baryta  in  pocash.  This  is  prepared 
by  dL^.^'jIvii.cr  ciy-stals  of  baryta  in  weak  aohition  of 
jtiUu-h  with  the  siid  of  heat,  and  dl taring  off  the  car- 
bonate of  baryta,  which  invariably  fomts  in  sniall 
quantity.  The  cJe^ir  £lrrate  is  accordin^y  saturated 
with  carlxfnate  of  baryta.  MoHK  now  leaves  oat  the 
Fig.  103.  fra^ients  of  glais. 

XL  is  method  ad'onied  v.  Gilm  very  harmonioiu 
results.  Neverthelesi*,  it  invoI\>^  one  source  of  error.  If  clear  baryta 
water  is  paswrd  thrf>ugh  pa[»er  with  the  mo5t  careful  possible  exclusion 
of  air,  and  the  filter  is  washed  till  the  washings  are  free  from  baryta, 
and  dilute  hyrlrochloric  acid  is  then  poured  npon  the  filter,  and  the 
filti-ate  thus  obtained  i.sevafir>rated,  a  small  quantity  of  diloride  of  barium 
will  l>e  left,  sho^-ing  that  a  little  baryta  was  kept  back  by  the  paper. 
Au  Mi'LLEkf  has  already  called  attention  to  the  ca^iadty  of  diter  paper 
for  retaining  barjta. 

b.  M.  Pettenkofer's  ^>roo«#.J 

a.  Priariple  and  lieqtn'^it^jt, — A  known  volume  of  air  is  made  to  act 
upon  a  definite  quantity  of  standard  baryta  water  (standardized  by 
oxalic  acid  solution),  in  such  mann'^r  that  the  carbonic  acid  is  completely 
bf»und  by  the  baryta.  The  barj'ta  water  is  then  poured  out  into  a 
cylind»T,  and  allowed  to  df-posit  with  exclusion  of  air,  a  part  of  the  clear 
fluid  is  tlK-u  renioverl,  and  the  barj'ta  remaining  in  solution  is  determin- 
ed. The  dirf'erence  U*tween  the  oxalic  acid  required  for  a  certain  quan- 
tity of  baiy-ta  water  lx*fore  and  after  the  action  of  the  air,  represents  the 
carbonate  of  l^aryta  forme<l,  and  consequently  the  carbonic  acid  present 

Two  kinds  of  baryta  water  are  used :  one  contains  21  grm.  and  the 
other  7  gnn.  crj'stalliised  hydrate  of  baryta  |  in  the  litre ;  these  serve 
for  the  d^'tenninatiou  of  larger  and  smaller  quantities  of  carbonic  acid 

♦  Lehrbuch  der  Titrirmethode.  2d  ed.  446. 

f  Joiim.  £.  prakt.  Chem.  8:^.  liSi. 

i  Abhandl.  der  naturw.  u.  techn.  Commission  der  k  bayer.  Akad.  der  Wiss.  II 
1  ;  Ann.  d.  Chem.  u.  Pbann.  II.  Snpplem.  Bd.  p.  1. 

I  The  hydrate  of  baryta  must  be  entirely  free  from  canstic  potash,  and  soda, 
thf;  umalle.st  quantities  of  which  render  the  volnmetric  estimation  in  the  presence 
of  (;arlK)nate  of  V>aryta  impossible,  since  the  neutral  alkaline  oxalates  decompose 
the  alkaline  earthy  carlwnatcs.  ^\'hen  a  trace  even  of  carbonate  of  baryta  ii 
suspended  in  the  lluid — and  this  is  always  the  case  when  a  baryta  water  which 
has  V»een  used  for  the  aV>sorption  of  carbonic  acid  is  not  filtered — the  reaction 
continues  alkaline  if  the  smallest  trace  of  potash  or  soda  is  present,  because  the 
alkaline  oxalate  formed  imireiliately  enters  into  decomposition  with  the  carbon- 
ate of  baryta.  A  fresh  mMition  of*  oxalic  acid  converts  the  alkaline  carbooato 
again  into*  oxalate,  and  the  tluid  is  for  a  moment  neutral,  till,  on  A^V»»iy  with 
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Bpectively.  1  c.  c.  of  the  stronger  correaponds  to  about  3  mgrtn.  car- 
Onic  acid,  of  the  wea-ker  1  c,  c,  correspomk  to  about  1  mgrm,* 

Tke  oxalic  acid  aolutioD  which  servos  for  HiandardUiDg  the  baxyta 
water  eontiiiiis  2*803*3  grm.  cryst.  oxalic  acid  iii  1  litre.  1  c.  c.  corre- 
sponds to  1  mgrm.  carbonic  acid.  The  barytji  water  i«  staudartlized  aa 
follows : — transfer  30  e,  c,  of  it  to  a  tlask,  and  th«n  run  in  the  oxalic  acid 
from  a  Mohb's  burette  with  float;  shake  the  fluid  from  time  to  time, 
closing  the  mouth  of  the  flask  with  the  thumb.  The  vanishiug  point  of 
the  alkaliiie  i-eaction  i.H  ascertained  witli  delicate  turmeric  paper,  f  As 
soon  as  a  drop  of  the  fluid  pla^*ed  on  the  paper  does  not  give  a  brown 
ring,  the  end  is  attaiued.  If  you  were  obliged,  iii  the  first  ex}»eninent, 
to  tiike  out  too  many  drops  for  testing  with  turuierie  pa^K^r,  consider  the 
result  as  only  ajiprnxi unite,  and  make  a  second  exj>eriment,  adding  at 
once  the  whole  ^puiutity  of  oxalic  acid  to  \^athin  1  or  j-  c,  c.  and  then 
beginning  to  test  with  paper.  A  third  experiment  would  be  found  to 
agree  with  tlie  second  to  ^^  *^'  ^*  The  reaction  ia  so  sen^sitive  that  all 
foreign  alkaline  nuitter,  [larticles  of  ash,  tobacco  smoke,  «tc.,  must  be  care- 
fully guarded  against. 

/5.    77*€  actual  Anfdi/jiiH. — Tlds  may  be  effected  in  two  different  ways - 

aa.  Take  a  perfectly  diy  bottle,  of  about  r>  litren  ca|tacity,  with  well- 
fitting  ground  glass  stopper,  aud  ac^curately  detenuine  tlie  cu[>;icity ;  till 
the  ijottle,  by  means  of  a  pair  of  bellows,  with  the  air  to  bt»  aualyzeti ; 
add  45  c.  c,  of  the  dilute  standard  baryta  water,  and  cause  tlie  baryta 
water  to  spread  over  the  inner  surface  of  the  bottle,  by  turning  the  latter 
about,  but  without  much  shaking.  In  the  course  of  about  ^  an  hour  the 
whole  of  the  carbonic  acid  is  absorbed.  Pour  the  turbid  baryta  water 
int^:>  a  cylinder,  close  securely,  and  allow  t<>  deposit;  then  take  out,  by 
means  of  a  pipette,  .^0  c.  c.  of  the  clear  supernatant  fluid,  run  in  standard 
oxalic  acid,  multiply  the  volume  used  by  1*5  {us  only  30  c.  c.  of  the 
original  45  are  employed  in  this  experiment),  aiid  deduct  the  protluct 
from  the  c.  c.  of  oxalic  acid  used  for  45  c.  c,  of  the  fresh  barytA  water; 
the  diflerence  represents  the  Cjuantity  of  baryta  conveited  into  carbonate, 
and  consf»quently  the  amount  of  the  carbonic  acid.  If  the  air  is  xinusually 
rich  in  carbonic  acid,  the  concentrated  baryta  water  is  employed. 

55.  Pass  the  air  through  a  tube  or  through  two  tubes  containing 
meaHured  quantities  of  standard  baryta  water  and  finish  the  exjK?riment 
as  in  aa.  For  passing  a  deflnite  quantity  of  air  we  should  generally  employ 
an  aspii-at-or  (p.  554);  Pettenkofer  in  his  experiments  with  the  respi- 
ration apparatus  forced  the  air  by  means  of  small  mercurial  pumps  first 


air,  the  oarbonio  acid  escapes,  and  any  carbonate  of  baryta  BtHl  presont  converts 
the  alkaline  oxalate  again  into  carbonate.  To  test  a  baryta  wat^^r  for  oau«tio 
alkali«  determtne  the  idkalinity  of  a  perfectly  clear  iwrtion,  and  then  of  a  portion 
that  has  been  mixed  with  a  little  pure  precipitated  carlionate  of  baijta.  If  you 
uae  more  oxalic  acid  in  the  i^eeond  than  in  the  Hrnb  experiment,  caustic  alkali  ia 
present,  and  i^oine  chloride  of  barium  must  be  added  to  the  baryta  water  before 
it  can  be  used, 

*  [The  baryta  water  \»  kept  in  a  bottle  under  a  thin  stratum  of  kerof^ene 
(Mona).  It  LB  drawn  off  through  a  syphon  aupportcni  in  the  stopjier,  the  out«r 
leg-  of  whioh  is  recurved  upwardn  and  closed  with  a  bit  of  rubber  tube  and  clip. 
By  having  this  leg  of  the  syphon  tniffloiently  long  the  burette  may  be  filled  by 
iiiaerting  its  deliv<*rv  end  in  the  rubber  tabe  and  opening  both  clips.] 

f  PrepiiTcd  with  lime -free  Swedish  filter  paper^  and  tintiinre  of  tnrmeric.  The 
epirit  used  in  making  the  latter  must  be  free  froDi  acid<  I>ry  the  paper  in  a  dark 
room^  and  keep  it  protected  from  the  light     It  is  lemon  yellow. 
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through  the  tubes,  and  then  throng  an  appantoa  for  menmring  the  flu 
llie  form  and  arrangement  of  the  tabes  is  illnstxmtod  bj  fig.  104h  ^lo 
such  tubes  were  us^ ;  the  first  was  1  metre,  tbe  second  '3  metresJiong; 
they  were  filled  with  baryta  water — ^the  former  witli  the  straDflorM^irtiflB, 
the  latter  with  the  wesJker.  The  air  is  introdnoed  ihnnii^  tin  short 
limbs  of  the  tubes,  and  is  carried  beyond  the  bends  bj  %  harow  fieuMe 
tul>e,  and  the  glass  tubes  themselves  are  so  inclined  that  tbD  bobUes  of 
air  move  on  with  the  necessary  rapidity  without  uniting.  The  i 
of  the  gas  bubbles  keeps  up  a  constant  mixing  of  the  baiyta  ' 


B.  Determikation  of  the  Oxygen  asi>  Nitrogsv. 

§242. 

The  metliod  T  shall  give  is  that  proposed  by  v.  Liebig.*     It  i 
U)H>n  tho  observation  made  by  Chevreul  and  DdBEBBniSE,  thai  pyro- 
gallio  acid,  in  alkaline  solutions,  has  a  powerful  tendency  to  absorb  oxygen. 

*  AnnaL  d.  Ghem.  n.  Phann.  77,  107. 
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L  A  strong  measuiiiig  tube^  Lolding  30  c»  c,  and  ilivided  into  1  or  -A- 
c.  c,  is  filled  to  |  with  the  air  intended  for  analysis.  The  remaining  part 
of  the  tube  is  filled  with  inercuiy,  antl  the  tube  is  inverted  over  that 
fluid  in  a  tall  cylinder,  widt*ned  at  the  top. 

2.  The  volume  of  air  confined  is  metianred  (§  12).  If  it  is  intended 
to  determine  the  carbonic  acid  —which  can  be  done  witli  sufficient  accu- 
Xftcj  only  if  the  t|uatititj  of  the  acitl  amounts  to  seveiul  per-cents — the 

ia  dried  by  the  introduetion  of  a  ball  of  chlori<le  of  calcium  before 
ring.  If  it  in  not  int€?nded  to  dctt»nnine  the  carbonic  acid,  this 
opemtion  is  omitt^'d,  A  quantity  of  aolution  of  potaiisa  of  1*4  ap,  gr. 
( 1  part  of  dry  hydrate  of  potassa  to  2  parts  of  water),  amounting 
to  from  ^^J  to  ^^^  of  the  volume  of  the  afr,  is  then  introduced 
iiit^:>  the  measuring  tube  by  means  of  a  pipette  with  the  point  be 
up  wan  is  (fig,  105),  Mid  spread  over  the  entire  inner  surface  i 
the  tube  by  shaking  the  latter ;  when  no  further  diaiinution  i 
volume  takes  place,  the  decrease  is  r«.'ad  off.  If  the  air  hag 
been  drietl  previouHly  T*ith  chloride  of  calcium,  the  diminution 
of  the  volume  expresses  exactly  the  amount  of  c4irbonic  acid  n, 
containetl  in  the  air  j  but  if  it  has  not  been  dried  with  chlonde  ^.  .^ 
of  c^ilcium,  tlie  diminution  in  the  volume  cannot  afford  coiTect  ^' 
information  as  to  the  amount  of  the  citrbonic  acid,  since  the  strong  solu- 
tion of  potassa  absorba  atpieous  vapor, 

3.  When  the  carbonic  acid  has  been  removed,  a  solution  of  pyrogallic 
acid,  containing  1  grm.  of  the  acid  *  in  5  or  6  c.  c,  of  water,  is  introduced 
into  the  same  measuring  tube  by  meauH  of  another  pijM^tte,  similar  to  tlie 
one  used  in  2  (fig,  105);  the  quantity  of  pyrogallic  acid  employed  should 
be  half  the  volume  of  the  solution  of  potassa  used  in  2.  The  mixed  lluid 
(the  pyrogallic  ticid  aod  solution  of  potassa)  ia  spread  over  the  inner 
surface  of  the  tulje  by  shaking  the  latter,  and,  when  no  further  diminu- 
tion of  volume  is  observed,  the  residuary  nitrogen  is  measured, 

4.  The  solution  of  pyrogallic  acid  miadng  with  the  solution  of  potassa  of 
course  dilutcH  it,  causing  thus  an  error  from  the  diminution  of  its  tension ; 
but  tliis  error  is  so  trifliug  that  it  has  no  appreciable  influence  upon  the 
i-esults ;  it  may,  besides,  be  readily  corrected,  by  introducing  into  the  tube, 
after  the  absorption  of  the  oxygen,  a  small  piece  of  hytlrate  of  potassa  cor- 
respouding  to  the  amount  of  water  in  the  solution  of  the  pyrogallic  acid. 

5.  There  is  another  source  of  eiTOr  in  this  met  heal ;  viz.,  on  account  of 
a  imrtion  of  the  fluid  always  adhering  to  the  inner  surface  of  the  tube, 
Uie  volume  of  the  gas  cannot  be  read  ofi*  with  absolute  accuracy.  In 
comparative  aualyses,  the  influence  of  tliis  defect  upon  the  results  may 
l>e  almost  entirely  neutralized,  by  taking  nearly  equal  volumes  of  air  in 
the  several  analyses, f 

6.  Notwithstanding  these  sources  of  error,  the  results  obtained  by  thia 
method  are  very  accurate  and  constant.  In  eleven  analyaee  which  v. 
LiEBio  n^^ports,  the  greatest  dillerence  in  the  amount  of  oxygen  found 
¥raii  between  20*75  atid  2 1  03.  The  numbera  giyen  express  the  actual 
and  uncorrected  results. 

*  Liebig  has  described  a  very  advaDta^eous  method  of  preparing  pyrogallfa 
add.     See  Amml.  d.  Chem.  u,  Pharm.  101,  47, 

f  Bunsen  employs  for  the  abftori>tion  of  oxygen  a  papier-mAch*  ball  saturated 
with  a  ooaoentrated  aJkalinti  solution  of  pyro^late  of  potfiflsa,  which  he  intro* 
duces  into  the  gaseoua  mixture  attach t?<l  to  a  plaUnum  wire.  By  adopting  thia 
prooeedmg»  the  aouroe  of  error  mentioned  in  5  is  avoided.  See  al80  Ruaaell, 
Jour.  ChenL  Soc  1868,  pp.  130,  181. 
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EXERCISES  rOR  PRACTICE. 


Th£  principal  point  kept  in  Tiew  in  the  Belection  of  these  exemsea  has 
been  that  most  of  them,  and  more  particularly  the  first,  should  permit  an 
exact  control  of  the  results.  This  is  of  the  utmost  importance  for 
students,  aince  a  well-grounded  self-i-eliance  is  among  the  most  indispen- 
sable requisites  for  a  successful  pursuit  of  quantitative  investigations, 
and  tliis  is  only  to  be  attained  by  ascertaining  for  one's  self  how  near  the 
results  found  approach  the  truth. 

Now  a  rigorously  accurate  coiiti'ol  is  practicable  only  in  the  analyaia 
of  pure  salts  of  known  composition,  or  of  mixtures  composed  of  definite 
proportions  of  pure  bodies.  When  the  student  has  acquired,  in  the 
analysis  of  such  aubstanceSj  the  necessary  aelf-reiiance,  he  may  proceed  to 
the  analysis  of  minerals  or  products  of  industry  in  which  such  rigorous 
control  is  unattainable. 

The  second  poiut  kept  in  view  in  the  selection  of  these  exercises,  lias 
been  to  make  them  comprise  both  the  more  important  analytical  methods 
and  the  most  important  bodies,  so  afi  to  afford  the  student  the  oppor- 
tunity of  accjuiring  a  thorough  knowledge  of  every  branch  of  quantitative 
analysis. 

Organic  analysis  offers  leas  variety  than  the  analysis  of  inorganic  sub- 
stances ;  the  exercises  relating  to  the  former  branch  are  therefore  less 
numerous  than  those  relating  to  the  latter, 

I  would  advise  the  student  to  analyze  the  same  substance  repeatedly, 
until  the  results  are  quite  satisfiwjtory.  [It  is  a  good  habit  always  to 
cany  on  together  duplicarte  analyses.  It  requires  but  Ettle  more  time 
to  make  two  analyses  than  to  make  one,  and  the  operator's  experience  is 
thus  very  economically  doubled.] 

It  is  by  no  means  necessary  for  the  Rtudent  to  go  through  the  whole 
of  these  examples;  the  time  which  he  may  require  to  attain  piroficiency 
in  analysis  depends,  of  course,  upon  his  own  abilities.  One  may  be  a  good 
analyst  without  having  tried  etren/  method,  or  determined  even/  body, 
A  few  substances  weU  analyzed  yield  more  proht  than  can.  be  obtained 
&x>m  going  i^iver  many  processes  in  a  superficial  manner. 

Finally,  the  student  is  warned  against  prematurely  attempting  to  dis- 
cover new  metbods ;  he  should  wait  until  he  has  attained  a  good  degree 
of  proficiency  in  general  chemistry,  and  more  |>articularly  in  practical 
analysia. 


A.  SMTLB  I>rreE3II5ATlO?rs  m  THE  GBATTMETRIC  WAT,  DTTENDEI) 
TO  VZETSSCT  THE  STITDEST  15  THE  PBACTICB  OF  THE  M0E8 
COJOIO:S  A^ALTTiCAL  OFEEATIOHa 

I  We  gi^f^  htm^  m  tke  fii?!  place,  qfnite  (till  deiails  of  all  t^e  stepe  in  tbe 
siiBHbiift  of  cUloiix^  m  dkloridLe  of  aodinm,  indudki^  the  pi^epsration 
of  ^m  mII  in  m  9i$Mie  of  puritj,  Xtii%  it  is  boped,  will  relieve  much  itf 
the  fflRilraKj  willed  iJm  begpoiMr  innil  at  first  experience  ia  maHng 
Oiti  m  f*^ff»t  of  opetmtiiim  fram  the  TUioitt  «ejmmte  paragraplis  wliere 
Ife  proeiBQft  Me  deKribed.  The  stddent  ^ould  not  fail^  howevcs',  to 
itvilj  eazeliillj  t^  i^apter  cm  opeciOioiitt  wlule  aurtying  on  tlie  analjEi% 
■or  to  ^T^r**^  errcTj  refooiioe. 

1.  Caii^BiBx  OF  Sodium. 

Pin^poTdlicKiu— Diseolre  150  grm«  of  cle&o  crjst«LlIkjed  c»xb 
Boda  in  iMrt  inLter,  place  a  small  bit  of  Htiutis  p^>er  in  the  soludon,  j 
pure  bjibQcbloHe  add  to  a^'id  reactioii^  and  evaporate  in  a  porcelain  disli 
to  di  J  Ml  w^  wbe>«^  BiEca  beoomea  insoluble.  If  the  dry  resddtie  Las  a 
^eldov  tXBgeiy  wMcb  is  due  to  iron,  raise  tbe  beat  sQEnewbat  until  Ihe 
ioniliie  is  brown  or  black  in  csolor  and  no  add  odor  is  perceptible  when  it 
ia  bt^eatbed  on.  This  treat  men  t  eoiivei'ts  soluble  sesquicliloride  of  iron 
into  insoluble  oxychloride.  Dissolve  tbe  residue  in  hot  water,  filter,  and 
evaporate  the  solution,  contained  in  a  beaker,  at  a  temperature  somewhat 
below  the  boiling  point,  until  there  remains  a  small  quantity  of  liquid 
above  the  crystals  of  salt.  Pour  off  this  mother  liquor,  rinse  the  crystals 
repeatedly  with  small  quantities  (their  own  bidk)  of  cold  water  until  the 
rinsings  give  but  a  very  slight  *  reaction  for  sulphuric  acid  with  chloride 
of  barium. 

A  portion  f  of  the  salt  thus  obtained  is  crushed  to  a  coarse  powder, 
heated  in  a  covered  crucible  until  it  ceases  to  deerepitate,  but  not  to 
fusion,  and  preserved  in  a  weighing  tube  (like  a  small  test  tube,  but  not 
fiared  at  the  mouth)  that  is  closed  with  a  soft,  well-fitdng,  and  smootii 
cork. 

Estimation  op  Chlorine. 

1.  Weighing  out  the  substance. — The  tube  containing  the  prepared 
salt  is  wiped,  if  need  be,  from  dust.  The  cork  is  taken  out,  and  by- 
means  of  a  bit  of  thin  paper,  or  a  clean  linen  handkerchief,  any  particles 

*  It  is  not  needful  for  ordinary  qnantitative  purposes  that  a  salt  shonld  be 
so  free  from  foreign  matters  that  the  latter  cannot  be  detected  by  sensitiTe  re- 
agents, and  for  the  reason  that  it  is  not  possible  to  collect  and  weigh  the  minute 
traces  which  are  thus  indicated. 

t  Pnre  chloride  of  sodium  is  needed  in  other  analyses,  and  the  chief  part  d 
what  is  thus  prepared  should  be  carefully  bottled  and  reserved  for  fatoie  use. 
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of  salt  adheriog  to  the  cork,  and  to  the  inside  of  the  tiil>e  as  far  as  the 
cork  reaches,  are  removed.  The  cork  is  rt^pliiced,  and  the  whole  is 
weighed  (see  §§  9  and  10),  the  weight  being  immediat-ely  recorded  in  the 
notebook.  A  clean  beaker  or  assay-flajik,  of  about  200  c-  c.  capacity, 
being  ready,  the  weighing-tube  ia  held  over  it  and  the  cork  carefully 
removed.  A  portion  of  substance  is  allowed  t*)  laJl  in  the  vessel,  and, 
the  cork  being  replaced,  the  tube  'is  again  countej-poLsed.  If  two  to  three 
decigrammes  have  beeD  emptied,  the  operator  in  reJidy  to  proctnul.  If 
Ies»,  more  should  be  transferred  from  the  tube  to  the  vesRel.  If  more, 
or  much  more,  it  ia  better  to  begin  anew,  by  weighing  otT  another  portion 
into  another  beaker  or  fla^k.  In  this  manner  weigh  off  two  portionH  in 
eeparate  vessels,  so  aa  to  carry  together  duplicate  analyses.  Now  affix  a 
piece  of  gummed  pajjer  to  each  vessel,  and  label  them  to  correspond  with 
their  designation  in  the  note-book. 

2.  fSoluHon  and  precipiiation. — Dissolve  the  w^eighed  portions,  each  in 
about  100  e.  c.  of  cold  distilled  water,  mid  a  few  drops  of  pure  nitric  acid, 
and,  lastly,  clear  solution  of  nitrate  of  silver  *  until  further  addition  no 
longer  produces  a  precipitate. 

Agitate  the  oiixture  well,  but  with  care  to  avoid  loss.  Tlii«  can  b© 
done  by  shaking,  if  a  flask  be  in  use,  or  by  stirring  with  a  glass  rod,  if  a 
beaker  be  employed. 

Set  the  vessel  aside  in  a  dark  place,  covered  with  j>aper  or  a  watch- 
glass  to  exclitde  dust,  and  let  stand  for  about  12  hours,  or  until  tlie 
precipitate  has  subsided  and  the  liquid  above  it  is  perfectly  clear,  then 
add  a  drop  of  nitrate  of  silver  to  make  sure  that  tlie  precipitation  is  com- 
plete (if  not  complete,  add  more  solution  of  silver,  and  let  stand  again 
for  some  hours). 

3,  FUtratkm, — A  filter  is  placed  in  a  funnel  at  least  \  inch  deeper 
than  itself,  and  moistened  with  water,  at  tlie  same  time  l>eing  carefully 
pi'essed  down  so  that  its  edges  touch  the  glass  at  all  points.  The  funnel 
being  sup|K>rted  on  a  stand,  a  clean  beaker  or  flask  is  put  beneath  it,  and 
the  operator  proceeds  to  pour  the  liquid — cm  whose  surface  some  particles 
of  chloride  of  silver  ufiiiidlj  float — inro  the  filter,  leaving  the  bulk  of  the 
precipitate  undiaturbed.  To  do  this  without  loss  the  following  precau- 
tions may  be  regarded  :  a.  Touch  the  edge  or  lip  of  the  vessel  with  a 
very  slight  coat  of  tallow  (a  small  bit  of  which  is  kept  at  hand  under 
the  edge  of  the  work-table,  and  k  applied  with  the  finger),  h.  Pour  slowly 
over  the  greased  place,  along  a  glass  rod  liehl  nearly  vertical,  so  dirt^cting 
the  stream  that  it  shall  strike  against  the  sitle,  not  into  the  vertex  of  the 
filter,  r.  When  the  filter  is  filled  to  within  \  inch  of  the  top  discontinue 
the  pouring,  bringing  the  rotl  ijito  the  vessel  containLug  the  jirecipit^ite, 
after  it  has  drain«d  so  that  nothing  will  fall  from  it. 

The  pouring- rod  may  be  simply  Btraighi,  and  an  inch  longer  Uum  the  diagomd 
of  the  vessel^  or^  when  it  ia  desirable  not  to  disturb  a  precipitate,  it  may  be  3 — 4 
inches  long  and  bent  syphon  fashion  so  Q8  to  hang  on  the  edge  of  a  beaker  or  fliuk. 
In  eith«r  nnsc  \t»  end  shotild  be  rounded  by  fusion^  and  those  portioinB  along  which 
the  liquid  flows  must  not  be  handled. 

The  vessel  containing  the  precij>itate,  as  well  as  that  which  receives 
the  filtrate,  and  likewise  the  funnel,  ahould  be  kept  covered  m  much  aa 


♦  Solution  of  a  silver  ooha  in  nitric  acid  ana  were  for  this  purpose  i 
nitiate,  provided  It  be  dear  and  ooutaiu  but  little  free  acid. 


iwell  1 


iporo 


iil  mmm  wfcm  ■Swcfy  Is  nqmtivd,  to  pcerent  aeoen  of  dust^ 


Th^  leoMTi^g^Tgapoi  amy  »Jao  be  protocoled 


r  ■booM  be  Qondiieted  witliont  «ipoi- 
iif  is  ^  itm^  i£ht^  v^sdbj  k  tt  M^WMwi,  with  lorn  of  cblorme,  p.  fiOa 
d.  WkcA  «A|  or  iii»^i3r  slip  the  Ui(iti4  Efta  paieed  the  filter,  it  x^emaim 

Ibeae  cjpecBtams  aiftj  bie  carnal  qu  wa  f^llowii:  pour  sbout  100  c.  c 
of  £ald  rfiiiinrwl  v«l^  upon  tb&  ptmi^tiO^,  wliieh  tnaiitlj  renuaim  m  ik 
f«Hcl  phMu  it  VM  fmm\L,  m»d  m^taitB  Tigorously,  m  order  to  breik  up 
w^  ifiTJilr  Ike  Ibiii|)7  cMonde  tif  nlYer^  uid  bring  everjr  p«ri  of  it  pm* 

fe^tJ^  m  MMiifl  viib  IW  wvter, 

WbiB  m  m  htrnkKf,  tim  egitatiim  nml  be  aede  nitf^  great  ooatloii*  bj  mam 
^  m  g^M  *'"it  "''^.  wbifK  bt  lb  nuxoir-eioiilliei  ffan^^  flAok^  this  majr  in 
tigbiij  dbasi  I9  »  fmii&e^  iBootli  ootit  («afte&e4  for  tb«  poxpose  hy  Aqu«i«i^) 

*fbe  wstET  and  pr^cniitMSe  mre  &ovjpoiiT«d  toge^er  upon  the  Blter^ 
iM  bdoti?  iktftikd.  The  kst  porliorui  of  the  pi^cipitatu 
or  flask  hj  re^ieated  riu.'dngs^  In  w}iie]|  i 
l^  ^  3$,  p»  W^  BMJ  be  convenient  It  e^mployed. 
Am^  |iortions  of  pcocapiliilt  tlUt  adhere  to  the  sddea  of  the  vfiflsol  too 
^iB^j  to  be  itSMmd  h^  m  itt^iiiii  from  the  WBdi*bottle  must  be  nM^fi 
^     Per  Aii  pOffOK  ll»»  feillior  is  employed 

II  ^  imA*  ton  a  gooBB-qnilU  ^  cnttiiie  off  the  extreme  tip  for  mn  meh  or  k>, 
1^1  *...^whw  frWi^^ff^  awaj*  Uie  bawd^  except  ih  pordon  of  oxtQ  half-ia«^  m  length 
or.  in^.    The  tatmbLT  part  may  be  reiii<jTed  or  not  to  wtdi  th« 

depth  of  the  dish  whidi  is  to  be  washed. 

The  dish  heing  wiped  clean,  externally,  a  little  water  is  put  in  it,  and, 
it  being  held  up  to  the  Ught,  its  whole  interior  sur&ce  is  gently  rubbed 
with  the  feather,  then  rinsed,  rubbed  again  and  rinsed,  so  long  as  careful 
inspection  discovers  any  portions  of  adhering  precipitate ;  finally,  the 
feather  is  rinsed  in  a  stream  of  water,  the  rinsings  in  each  case  being 
poured  upon  the  filter. 

The  washing  is  now  continued  by  help  of  the  wash-bottle.  A  jet  of 
cold  water  is  directed,  first,  upon  the  interior  of  the  funnel,  just  abov€ 
the  filter,  then  upon  the  edge  of  the  filter  itself.  If  thrown  immediately 
against  the  paper,  this  is  liable  to  be  perforated.  The  stream,  of  water  is 
carried  around  the  edge  of  the  filter  until  the  latter  is  nearly  full,  and 
the  liquid  is  then  allowed  to  drain  off.  This  process  is  repeated  until  a 
(>ortion  of  the  wash-waters,  collected  to  the  depth  of  an  inch  in  a  test 
tube  containing  a  drop  of  hydrochloric  acid,  give  no  turbidity  of  chlo- 
ride of  silver.  When  this  is  accomplished,  the  precipitate  is  washed 
down  into  the  vertex  of  the  filter,  ^e  fiumel  is  then  doaely  covered 
with  paper  (p.  62),  labelled,  allowed  to  drain  thoroughly,  and  set  away 
in  a  warm  place  for  drying. 

When  the  Bunsen  pump  is  employed,  read  §  63  c.  p.  77,  and  follow  the 
directions  on  page  72,  bottom ;  as  to  washing,  see  pp.  67  and  68. 

5.  Drying  tJie  fitter.  In  public  laboratories  a  heated  closet  ia  usnally 
provided  for  drying  filters.     Its  temperature  should  not  exceed  100^  G. 
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In  default  of  such  spc'cial  arrangement,  the  drying  may  be  effected  over 
the  register  of  a  liot-air  furnace,  or  over  a  common  stove  orkLtchen  range. 

The  funnel  may  tilso  be  supported  on  a  I'etort-Jitaiid  over  a  sheet  of 
iron,  wliich  is  heated  beneath  by  a  lamp,  or  may  be  placed  at  once  in  the 
water-bath.     8ee  pp.  f)2  and  79, 

6.  When  the  precipitate  ia  perfectly  dry  we  proceed  to  ignite  it  for 

A  small  porcelain  cnieible  (platinum  must  not  he  used)  is  cleaned, 
gently  ignited,  and  when  cool  (after  15 — 20  minut/eK)  weighed. 

The  work-table  being  clean,  two  snnall  Bheets  of  fine  and  smooth  writ- 
ing or  glazed  paper  are  opened  and  laid  down  side  by  ddc.  Tlie  filter 
is  removed  from  the  funnel  and  carefully  inverted  upon  one  of  the 
papers.  The  precipitate?  is  loosened  from  the  filter  by  squeezing  and 
rubbing  gently  between  the  finger**^  and  when  it  has  mostly  separate 
the  filter  is  lifted,  reversed,  and  any  portions  of  chloride  of  silver  etiU 
adhering  are  loosened  by  rubbing  its  sides  together.  What  is  thus  de- 
tached is  pouretl  or  shaken  out  on  the  paper. 

The  filter  is  now  spreiwl  out  as  a  half-circle  upon  tbe  otlier  slieet  of 
paper,  and,  beginning  with  the  straight  edge,  is  folded  up  into  a  narrow 
flattened  roll,  the  two  ends  of  which  ai"e  then  brought  together.  In  this 
way  those  central  portions  of  the  filter  to  which  particles  of  precipitate 
adhere  are  thoroughly  enveiof»e<l  by  the  ejc tenor  parts,  so  that  in  the  sub- 
sequent burning  nothing  can  easily  escape. 

The  crucible  being  placed  on  the  glazed  paper,  the  filter  is  taken  by 
the  two  free  ends  in  a  clean  pincers  or  tongs,  put  to  the  flame  of  a  lamp 
to  Bet  it  on  fire,  ami  tben  held  over  the  crucible  until  it  is  completely 
charred.  It  is  then  dropped  into  the  crucible,  and  moistened  with  two 
6r  three  dropa  of  nitric  acid.  The  crucible  is  covere<J  and  jilaeed  over  a 
low  flame  until  its  contents  are  cb"y^  it  is  then  heated  somewhat  stronger, 
whereby  tbe  carbon  is  nearly  or  entirely  consumed, 

llie  cm cible  being  allowed  to  cool,  one  more  drop  of  nitric  acid,  and 
afterwards  a  drop  of  hydrochloric  arid,  is  added  to  the  residue,  and  it  ia 
heated  cautiously,  without  the  cover,  until  fiimes  cease  to  escape.  This 
treatment  with  nitric  acid  serves  to  destroy  carbon  and  ctjnvert  any 
reduced  silver  to  nitrate,  which  the  hydrochloric  acid  in  tuni  ti^ansforma 
into  chloride.  When  tlie  crucible  is  cool,  it  is  placed  again  on  the  pajicr, 
ad  the  precipitate  Ls  poured  into  it  from  the  other  sheet,  the  last  pai*- 
acles  being  detach<*d  by  cautious  tapping  with  the  fingers  underneath,  or 
by  the  use  of  a  clean  feather  or  camefs  hair  pencil. 

The  crucible  is  now  put  over  a  low  flame  and  heated  cautiously  until 
tbe  chloride  of  silver  begins  tt^  fuse  on  the  edges.  It  is  then  covered  and 
let  cool.  When  cold  it  ia  weighed.  Read  §  115,  1,  and  the  references 
there  made. 

7*  Jlecord  and  cahtihiti^n  of  remits.  The  amount  of  chloride  of 
silver  is  leameti  by  subtracting  ^m  the  total  the  joint  weight  of  the 
crucible  and  filter-aHh.  The  quantity  of  chlorine  is  obtained  by  multi- 
plying the  amount  of  chloride  of  siiver  by  the  decimal  0*24724.  In 
Older  to  compare  results  they  are  reduced  to  per  ce>U,  statements  by  the 
following  proportion  : — 

Substance  :  chlorine  in  substance  ::  100  ;  chlorine  in  IDO ;  \.e,ptfcenL 


The  record  may  be  made  aa  follows :  It  is  well  to  work  out  the  caloalations  in 
full  in  the  weight-book,  at  in  case  of  mistake  tbe  data  are  at  hand  for  re?isioiL 
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Ifo.  L  Vol  1 

NaOlandtube ft-eiS  ••180 

"  **    -subBtanoe 6-180  6-765 

Substance ^486  416 

Gracible,  Ag  01  and  Ash 16*8680  U-8870 

Aah 0015  [^^^  -0015 f^^^ 

AgCl 1-0685  1*0165 

0-34724  0-34784 

43540  40660 

31370  90680 

74445  71155 

43540  40660 

31370  30880 

01 =  -363989740  M1819460 

485)  36,39897  (6044^  '415)  35,18194  (60-56jr 

3610  3490 

^1989  ~^9 

1740  3075 

"1997  3444 

Found.  CMmilalflti 

No.  1.       Vo.  3. 

Chlorine .- 6044       60«6  60-66 

We  haye  here  employed  the  simpleBt  arithmetical  caloolation.  It  it  well  to 
duplicate  the  calculation  with  help  of  the  tables  gi?en  in  the  Appendix.  See 
pp.  462-4. 

The  first  determination  gfiven  above  is  not  onlyf air  for  this  method,  but  answen 
all  ordinary  purposea  The  second  is  veiy  good,  though  with  oaze  still  dtoser 
accordance  with  theory  can  be  easily  attained.] 

•  2.  Iron. 

Procure  10 — 15  grms.  of  fine  bright  pianoforte  wire,  cat  it  into  lengths 
of  about  0*3  grm.  and  keep  it  free  from  rust  in  a  dry  bottle. 

Weigh,  on  a  watch-glass,  for  each  estimation,  about  0*3  grm,  of  wire, 
and  dissolve  in  hydrochloric  acid,  with  addition  of  nitric  add.  The  acids 
are  diluted  with  a  little  water. 

The  solution  is  effected  by  heating  in  a  moderate-sized  beaker  ooTered 
with  a  watch-glass.  When  complete  solution  has  ensued,  and  the  color 
of  the  fluid  shows  that  all  the  iron  is  dissolved  as  sesquioxide  (if  this  is 
not  the  case  some  more  nitric  acid  must  be  added),  rinse  the  watch-glass, 
dilute  the  fluid  to  about  150  c.  c,  heat  to  incipient  ebullition,  add 
ammonia  in  moderate  excess,  filter  through  a  filter  exhausted  with  hydro- 
chloric acid,  &c.  (Comp.  §  113,  1,  a.)  If  Bunsen's  methods  are  em-. 
ployed,  proceed  exactly  as  described  on  pp.  72,  73,  and  77. 

As  the  sesquioxide  of  iron  generally  contains  a  small  qnantitj  of  ailicic 
acid  (partially  arising  from  the  silicon  in  the  wire,  partially  taken  up 
from  the  glass  vessels),  after  it  is  weighed,  digest  with  fuming  hydro- 
chloric acid  for  some  hours ;  when  the  oxide  of  iron  is  all  disaolyed,  dilute, 
collect  the  silica  on  a  small  filter,  ignite  and  weigh.  Hie  wei|^t  ia  the 
silica  +  the  ashes  of  both  filters. 
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5.  BicmtoMATE  OF  Potass. 

^f  Ckromium, — ^Fose  pure  bichromate  of  potash  at  a 
ifT  -wf^isdi^  oC  -4 — *6  gnsLy  dissolve  in  water,  reduce  wiUi  hydro- 
;  .M3ci  joii  spirit  of  wine,  and  proceed  as  directed  §  130,  L,  o^  a. 

KO 4711  31-92 

fCrO, 100-48  68-08 


147-69  100-00 

6.  Arsenioub  Acid. 

Danhre  about  0*2  grm.  pure  arsenious  add  in  small  lumps  in  a 
~  flask,  with  a  glass  stopper,  in  some  solution  of  soda,  bj 
the  water-bath ;  dilute  with  a  little  water,  add  hydrodiloric 
in  excess,  and  then  nearly  fill  the  flask  with  dear  sulphuretted 
kyiiiogen  water.  Insert  the  stopper  and  shake.  If  the  sulphuretted 
fiiTdzagen  ia  present  in  excess,  the  predpitation  is  terminated ;  if  not, 
eoDduci  an  excess  of  sulphuretted  hydrogen  gas  into  the  fluid ;  proceed 
in  ail  other  respects  exactly  as  directed  §  127,  4. 

As 75  75-76 

O, 24  24-24 


99  100-00 


a  COMPLETE  ANALYSIS  OF  SALTS  IN  THE  G&AYIMBTBIO  WAT; 
CALCULATION  OF  THE  FOBMULA  FROM  THE  BBSULTS  OBTAINED. 
(§§  208,  908.) 

7.  Oabbonate  of  Lime. 

Heat  pure  carbonate  of  lime  in  powder  (no  matter  whether  Iceland 
spar  or  the  artificially  prepared  substance,  see  "  QuaL  AnaL,**  Am,  Ed., 
p.  83)  gently  in  a  platinum  crucible. 

a.  Determination  of  lArne, — Dissolve  in  a  covered  beaker,  about  1 
grm.  in  dilute  hydrochloric  acid,  heat  gently  until  the  carbonic  add  is 
completely  expelled,  and  determine  the  lime  as  directed  §  103,  2,  6,  a. 

Ik  Determination  of  Carbonic  Acid. — Determine  in  about  0-8  grm.  the 
carbonic  acid  after  §  139,  IL,  rf,  cc. 

CaO 28  66-00 

COj 22  44-00 


50  100-00 

8.  Sulphate  of  Coppeb. 

Triturate  the  pure  crystals  *  in  a  porcelain  mortar,  and  press  the  powder 
between  sheets  of  blotting  paper. 

"^  [Boil  a  Bolutioii  of  oommerdal  blue  yitriol  with  a  little  pore  binozide  of  lead 
{mm  '*  QoaL  AnaL.^  Aa.  Bd.^  i^  5SV»  to  aesqoioxidin  the  iron,  then  with  a  little 
QKbMiato  of  baniak  to  pgecipitate  it,  filter  and  OTrtaUixe.  H.  WUBTIL  Am. 
Jaw.  (3),  XXVX  3$70  ^ 
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«»  Detemujialion  of  Water  of  Crtfstfdlizntimi. — 1.  Weigh  off  in  a 
crucible  1—2  grm.  of  tlie  salt,  and,  having  fii-st  heated  tb©  air-bath  (Fig. 
25,  p.  39)  so  that  the  thermometer  atanJa  steadily  at  120^^ — ^140*^,  intro- 
duce the  crucible,  uncovered,  and  loaiutain  tlie  heat  for  two  hours. 
Then  cool  the  crucible  in  a  desiccator  and  weigh.  Heat  again  as  before, 
for  an  hour,  and  weigh,  If  need  be,  repeat  the  heating  until  no  more 
loss  occurs.  The  loss  expreases  the  amount  of  water  expelled  at  the 
temperature  of  140^'',  or  four  equivalents.  2*  K*u»e  the  temperatiire  of 
the  air-bath  to  between  250'' — 2\¥f  and  proceed  as  before.  The  loss  is 
the  one  equivalent  of  strongly  combined  water  of  crystallizatioiij  or,  as 
some  term  it,  waiter  of  hdhydrfUwn. 

h.  Determirmthn  of  ^Sulphuric  Acid. — In  another  portion  of  the  sul- 
phate of  copper  (about  Vb  grm.)  determine  the  sulphuric  acid  according 
to§132,  L,L 

<£  Du^rmination  of  Oxide  of  Copper.-^-In  about  1"5  grm,  determine 
the  oxide  of  copper  as  directed  §  119,  1,  a,  a, 

CuO 3970  31*83 

SO,.. 40  00  3208 

HO 900  7-22 

4aq.  _.,....... 3600  28-87 


124^70 


10000 


9.  Crybtaixized  Phosphate  of  Soda. 

^ifioiien  of  the  Water  of  CryetaUizaium. — Heat   about   1 

^tBT  of  the  pure  unefiloresced  salt  in  a  platinum  crucible,  slowly  and 
moderately,  first  in  the  water- bath,  then  in  the  air-Wth,  and  finally  some 
distance  above  the  lamp  (not  to  visible  redness) ;  the  lose  of  weight  gives 
the  amount  of  water  of  crystallization. 

b.  Determination  of  the  Wat-er  of  Conetitution* — Ignite  the  residue 
of  a. 

c.  Deter minni Ion  of  Phosjihorl^  Add, 
a.  Treat  I'S — 2  grm.  of  the  salt  as  directed  §  134,  h^  a, 
|3.  Treat  about  1  grm.  of  the  salt  after  |  134,  c,  , 
y.  Treat  about  0'2  grm.  of  the  sjilt  as  dii-ected  §  134,  5,  0, 

I  recommend  the  student  to  perfoitn  the  determination  by  each  of 
these  methods,  as  tliey  are  all  iu  common  use  in  tlxe  aiialytical  labora^ 
tory. 

d.  Deierrninatu^n  of  Soda, — Treat  about  1  '6  grm.  of  the  salt  according 
to  §  135,  ff,  a.  After  the  excels  of  lead  has  been  separated  with  hydro- 
sulphuric  acid,  the  fluid  is  to  be  evaporated  to  dryness  and  weighed  in  a 
platinum  dish ;  comp.  §  G9,  6,  and  §  98,  2. 

P0» .' 71-00  19*83 

2NaO. 6200  1732 

H0,....,„,., 900  2-51 

24aq 216-00  60*34 

358^00  100-00 


10.  Chloride  of  Silver, 
Ignite  pure  fused  chloride  of  silver  in  a  stream  of  pure  dry  hydrogea 
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till  complete  decompoeition  is  efiected,  and  wei^  the  mbnr  obtained. 
The  ignition  may  be  performed  in  a  li«^t  bnlb  tabe,  <nr  in  a  poieelain 
boat  in  a  glass  tube,  or  in  a  porcelain  cmcible  with  perforated  oorer 
(§  115,  4). 

The  chlorine  may  be  in  this  case  estimated  by  differenoe ;  if  yon  want 
to  determine  it  directly,  proceed  as  directed  §  141,  IL,  6. 

Ag 107-97  75-28 

CI 35-46  24-72 


143-43  100-00 

11.  Sulphide  of  Mkrcubt. 

Bednce  to  a  fine  powder,  and  dry  at  100^. 

«.  I>eterm%nation  of  Sulphur. — ^Treat  about  0*5  grm.,  as  directed  §  14S, 
^  p.  326,  using  nitric  acid  and  chlorate  of  potassa.  Precipitate  with 
chloride  of  barium,  and  after  decanting  the  dear  liquid  into  a  filter,  boil 
the  sulphate  of  baryta  twice  with  dilute  solution  of  acetate  of  ammonia, 
and  finally  wash  with  hot  water. 

6.  Determination  of  Mercwry. — DiaaolTe  about  0*5  grm.  as  before, 
dilute,  and  allow  to  stand  in  a  modom^j  wann  place  until  the  smell  of 
chlorine  has  nearly  gone  off;  filter  if  neoesBaiy,  aidd  ammonia  in  ezeeas, 
heat  gently  for  some  time,  add  hydroddoric  acid  until  the  white  pre- 
cipitate of  chloride  of  mercuzy  and  aaide  of  mercury  is  redissolyed,  and 
treat  the  solution,  which  now  no  longer  smdls  of  chlorine,  as  directed 
§  118,  3. 

Hg 100.00  86-21 

S 16-00  13-79 


116-00  lOOHK) 

12.  Crystallized  Scxfeultb  of  Lims. 

Select  clean  and  pure  crystals  of  selenite,  triturate,  and  dry  under  the 
desiccator  (§  27). 

a.  Determination  of  Water. — After  g  35,  a,  c 

6.  Determination  of  Suipkurie  Aeid  and  Zim^  (§  132,  IL,  b,  a). 

CaO 28  32-56 

SO, 40  46-51 

2aq 18  20-93 


86  100<M> 


C  SKPABATIOX  OF  TWO  BASES  OR  TWO  ACIDS  FBOV  EACH  OTHER, 
AXI>  DSTERM1XATIOX3  IX  THE  TOLmSTRIC  WAT. 

13.   I^BTJlKATIOS  OF   ImOX   FKOX   MaSGJlXRBB. 

Pbsolre  in  hTtdit?<hk«ic  acid  about  02  grm.  fine  pisBolbrte wire,  and 
about  the  same  qiainu^  of  %nited  fvoiosesquioxide  of  ****g***'"  (pre- 


pared as  dir^*cei  §  I«.^«  1  «>:  beat  with  a  little  nitric  add,  and  separate 
tbe  two  metals  br  oMiiDtt  of  ftc 


aoda(p^363,70).    Detemine  tbe 
as  direcoed  §  IW,  3L 
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14.  VOLUMETBIC  DeTEBMINATION  OP  IbON   BY   SOLUTION  OF 

Pebmangakate  of  Potassa. 

a,  GhadwUion  of  the  Solution  of  Permangomate  of  Potassa, 

a.  By  metallic  iron  (fine  piano  wire).  0*2  grm.  to  be  dissolved  in 
dilate  sulphuric  acid  (p.  194).  Use  the  iron  wire,  a  portion  of  which  has 
been  analyzed  in  Exercise  2,  and  correct  for  impurities  accordingly. 

iS.  By  oxalate  of  ammonia.  0*2 — 0*3  grm.  to  be  weighed  off  (p. 
196). 

h.  Determination  of  the  Protoxide  of  Iron  in  doable  Sulphate  of 
Protoxide  of  Iron  and  Ammonia. 

a.  In  solution  acidified  with  sulphuric  acid  (p.  197,  j3). 

/3.  In  solution  acidified  with  hydrochloric  acid  (p.  198,  note). 

The  formula  requires  18*37  per  cent,  of  Fe  O. 

c.  Determination  of  the  Iron  in  a  Xdmonite, 
Powder  finely,  dry  at  100°,  weigh  off  2  grm.,  heat  with  strong  hydro- 
chloric add  till  the  sesquioxide  of  iron  is  completely  dissolved,  dilute, 
filter,  make  the  solution  up  to  200  c.  c,  and  mix.  In  20  c.  c.  of  this  so- 
lution determine  the  iron  after  §  113,  3,  a,  p.  203.  Ileserve  half  of  the 
solution  for  the  next  exercise  (see  also  p.  524). 

15.     VOLUMETBIC    DeTEBMIKATION   OF   IbON    WITH   HYPOSULPHITE    OF 

Soda. 

a.  Gh-adtiation  of  the  Solution  of  Hyposulphite  of  Soda, 

a.  By  solution  of  sesquichloride  of  iron  (p.  204). 
/3.  By  anmionia-iron-alum  (p.  204). 

b.  Determination  of  Iron  in  Limonite. 

Use  20  c.  a  of  the  solution  obtained  in  Exercise  14,  c,  after  making 
sure  that  the  iron  all  exists  in  the  state  of  sesquioxide  (see  p.  192,  1,  a.) 

16.   DETEBMINATION  OF  NiTBIC  AciD  IN  NlTBATE  OF  POTASSA. 

Heat  pure  nitre,  not  to  fusion,  and  transfer  it  to  a  tube  provided  with 
a  cork. 

a.  Treat  0*5  grm.  as  directed  p.  329,  0. 

h.  In  0*2  to  0*3  grm.,  estimate  nitric  acid  according  to  p.  330,  cf,  a. 

KO 47-11 46*59 

NO5 5400 53*41 

101*11 10000 

17.  Sepabation  of  Magnesia  fbom  Soda. 

Dissolve  about  0*4  grm.  pure  recently  ignited  magnesia*  and  about 
0*5  gnn.  pure  well-dried  chloride  of  sodium  in  dilute  hydrochloric  acid 

*  This  may  be  prepared  according  to  19,  p.  845. 
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^82-11 
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IftfokltBg  A  tftTige  exc^ea),  and  aepmute  with  cix&Iic  acidj  a^)er  p,  345, 

18.   SSFAftATlON    OF    POTAfiH    FHOM    BoDA, 

Xdlttmte  dTBtallizcd  tartr&te  of  pota^sft  and  aoda  (Bocl^elle  salt)^ 
mmm  lielwwB  blotting  p^per^  wdgb  ofl'  about  1-5  gnn-j  ii«&t  in  a  plati- 
i  laiidbie,  gently  at  fiiit^  tJicn  for  some  time  to  gentle  ignitioiL  Tlie 
ooaieeoiis  t«si4\ie  is  first  ejctra^ted  with  watex,  finally  witli  diluta 
^^rodiloric  add,  th«  acid  fluid  is  evaporated  in  a  weighed  platinmna  i 
&h,  and  like  chlorides  are  weighed  together  (§  97,3).  Then  ssejiarate 
IfeMB  by  Ineidoridcr  of  pl&tincim  (p.  339,  1),  and  calcul&t€  from  tha  ^ 
maltv  tbet  quantitiea  of  soda  and  potaasa  sererdly  contained  in  ^ 
BadirlW  Halt 

KO ,,     47-U., ,..,,-.,•   16'70 

KaO 31-00. 10-99 

Cya«0^ ,.    132*00.,  _.__..   46-79 

«  ^, ,  _     7iK»0 25^M 


n 


It-  Tdunonuc  BETEBMiiEATtosf  OF  €HuoKt!Qi  DC  Ohi^oeoibs. 
m,  IVyaTmlina  i^  ^itaroiMttom  of  Hise  soliitioa  of  nitrate  of  miret 

lb  liiiiMl  wiMBiiailioci  of  the  ad^  and  potiasBa  in  Bochella  saH,  by 
luliiBiitiiii  tilnMitui  of  tli«  oMoiine  in  the  alkaline  chlorides  prepared 
wm  im  No.  19^    For  ealctLktaoiL,  see  §  1^7^  a  (p,  465). 

30.  SEFARano^f  or  Zisc  fkoii  CiDnnnr, 

in  hydroeUoiie  add  abont  0-4  grtn.  of  pttre  oxide  of  ca^ 
aad  aha«t  tiie  satae  quantity  of  pure  oxide  of  ctne^  both  r^«ently 
arparate  the  metak  as  directed  p*  376,  95- 

^h   AcmilDSTET. 

of  ^andaid   sulphnm  #ctd  and   solnticni    of  aoda. 
S  9<M^  a.)  ^  4M-4$a 

i.  l^^aafnialiim  cif  add  m  hydrodilocic  add^  hj  Uie  fipedfie  gravity 

L  of  add  in  ihe  msat  hrdroc^lotie  add,  t^  an  ykmline 
^  ,      ,      (|i.4^4>. 

«C  MtMsfaaftmi  of  add  m  colore<d  vinegar,  hy  eatiuatmi  witli  a 
•iBfediffd  all'JIt  mata^km,     (Apphicaliiop  of  test  papers^  p,  496.  J.) 

a^  i\i|*irtftimaffiiii  amamnwiacal  aohitioii  of  wdpiiate  of  coppCT  (§  ^05); 
^i^iMMMKlMi  ^  ili  stov^gtli  by  Dormal  sa^ihime  add ;  estsmatiaii  of 
lk»  aaad  ia  ife  J^iAuMJAiifa  add  used  in  c  and  c£,  by  means  of  thie  oop- 
yw'^^w^aaafc;  tA  liaa  litMr  proeesa  the  stod^it  may  also  add  to  the 
^Sr^i^i^^^^iVM  aod  ats»  a««rttiil  sahikato  of  t^ 


«im. 
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5.  iraluation  of  a  soda-afih  after  expulsion  of  the  water  hj  gentle 
xgDition* 

m.  After  Bebcboizilles  and  Gay-Lu8SAc  (p.  499). 
IB.  After  MoiiK  (p.  500), 

23,    DETERMmATION   OP   AHHOKU. 

Treat  about  0*8  grm*  chloride  of  ammoniura  as  directed  §  99,  3,  o^ 
NH,Cn..   1800...   33-67                 NHa....    1700...   31-80 
a 35*46...   6ti*33  HCl 3646.,.  68*20 


5346       lOO'OO  53-46      lOO^OO 

24*   Separation  of  Iopixe  from  Chlorine. 

Diiiaolve  about  0*5  grm.  pure  iodide  of  potaaaium  and  about  2 — 3 
grm>  pure  chloride  of  sodium  to  250  c.  c,  and  detenuine  the  iodine  and 
chlorine : — 

a.  In  50  c.  c,  after  8  169,  2,  a  (203).      Calculation  §  198,  c 

L  In  50  c.  c,  after  |  169,  2,  b  (204)* 

c.  In  10  c.  c,  al1»r  §  169,  2,  c  (206). 


D.  ANALYSIS  OF  ALLOYS,  MINERALS,  IKDUSTRrAL  PRO- 
DUCTS, ETC.,  IN  THE  GRA YIMETBIC  AND  VOLUMETRIC 
WAY. 

25.  Ajtalysis  of  Brass. 

Brass  coiudsta  of  from  25  to  35  per  cent,  of  zinc  and  from  75  to  65 
per  cent,  of  copper.  It  also  contains  \isually  small  quantities  of  tin  and 
lead,  and  occasionally  tracts  of  iron. 

Dissolve  about  2U  gnn.  in  niti-ic  acid,  evaporate  on  the  water-baUi  to 
dryness,  raoiaten  the  reuidue  ^^^th  nitric  acid,  add  some  water,  warm, 
dilute  still  further,  and  filter  off  any  reaidual  binoxide  of  tin  (§  126,  1, 
a).  Add  to  the  filtrate^  or,  if  the  quantity  of  tin  is  very  inconsidera* 
bie,  directly  to  the  solution,  about  20  c.  c.  dilute  sulphuric  acid ;  evapo- 
rate to  dryness  on  the  water-bath,  add  50  c.  c.  water,  and  apply  heat. 
If  a  residue  remains  (sulphate  of  le^id),  filter  it  off,  and  treat  it  as 
directed  §  1 1(),  3.  In  the  iiltrate,  separate  the  copper  from  the  zinc 
by  hyposulphite  of  soda  {|i.  377^  99)-  If  the  quantity  of  iron  preseiit 
can  be  detei-miued,  determine  it  in  the  weighed  oxide  of  zinc  (§  160). 


26,  Analysis  of  Solder  (Tin  and  Lead). 

Introduce  about  1*5  grm.  of  the  alloy,  cut  into  small  pieces,  into  a 
flask,  treat  it  with  nitric  acid,  and  proceed  as  directed  p.  391,  133i  to 
effect  the  separation  and  estimation  of  the  tin. 

Mijc  the  tiltrate  in  a  porcehdn  dish  with  pure  dilute  sulphuric  acid, 
evaporate  the  nitric  acid  on  the  water  bath,  and  proceed  with  the  sul- 
phate of  lead  obtained  as  directed  §  116,  3.  Test  the  fluid  filtered  from 
the  sulphate  of  lead  with  aulpliuretted  hydrogen  and  sulphide  of  atmno* 
mum  for  the  other  metals  which  the  adloy  might  contain  besides  tin 
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and  lead.  The  binoxide  of  tin  may  contain  small  qnantitiea  of  iron  or 
copper ;  it  is  tested  for  these  by  fusion  'with  carbonate  of  Boda  and  sul- 
phur (p.  389,  e). 


See  §  221. 


27.  Analysis  of  a  Doloiqtb. 


28.  Analysis  of  Felspar. 


a.  Decomposition  by  carbonate  of  soda  (§  140,  U.,  5.) ;  remoTal  of  the 
silicic  acid ;  precipitation  of  the  alumina  together  witib  the  small  quantity 
of  sesquioxide  of  iron  by  anmionia  (in  platinum  or  Berlin  porcelain,  not 
in  gkas  vessels)  after  §  161,  3  (88) ;  separation  of  baiyta,  if  present, 
firom  the  filtrate  with  dilute  sulphuric  add,  and  then  of  lime  with  ox- 
alate of  ammonia,  ^  154  (28)*  Finally,  separation  of  the  alumina  from 
the  sesquioxide  of  iron  generally  present  in  small  quantity  (§  160). 

b.  Decomposition  by  Smith's  method,  p.  303.  Separate  the  alka- 
Hes  after  §  152,  1. 

c  Detennined  loss  by  ignition. 

29.  Assay  of  a  Calamine  or  Smitbbonitb. 

After  §  228. 

Volumetric  determination  of  the  zinc. 

30.  Analysis  of  Galena. 

a.  Determination  of  the  sulphur,  lead,  iron,  tc^  as  directed  §  225. 
(.  Determination  of  the  silver  after  §  226. 

31.  Valuation  of  Chloride  of  Lime  (§  211). 

a.  After  Pknot  (p.  505). 

b.  After  Buksen  (p.  508). — ^The  solutions  to  be  prepared  and  the 
separated  iodine  to  be  determined  as  directed  §  146  (p.  314). 

32.  Valuation  of  Manganese  (§  214). 

a.  Aft^r  Fresenius  and  Will  (p.  509), 
6.  After  Bcxsen  (p.  512). 
c  By  means  of  iron  (p.  512). 

33.  Analysis  of  Gunpowder. 
After  (p.  514). 

E.  DETERMINATION  OF  THE  SOLUBILITY  OF  SALTS. 

34.  Determination  of  the  Degree  of  Solubilitt  of 
Ck>MMON  Salt. 

a.  At  boiling  heat, — Dissolve  perfectly  pure  pulyerized  diloiide  of 
sodium  in  distilled  water,  in  a  flask,  heat  to  boiling,  and  keep  in  ebuUi- 
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tion  until  part  of  die  dissolved  salt  sepamt'es.  Filter  the  iluid  now  'with 
the  greatest  expedition,  tkrough  a  funnel  surrounded  with  boiling  water 
and  covered  with  a  glass  plate,  into  an  accurately  tared  capacious  meji- 
Buring  flaak.  As  soon  a«  aliout  100  c.  c.  of  fluid  have  parsed  into  the 
flask,  insert  the  cork,  allow  to  cool,  and  w^eigh.  Fill  tlie  Ihisk  now  up 
to  the  mark  with  water,  and  defcomune  the  *salt  in  an  aliquot  portion  of 
the  fluid,  hj  evaporating  in  a  platinum  dLsh  (best  with  addition  of  some 
chloride  of  ammoiduni,  which  will,  in  some  measure,  prevent  decrepita- 
tion) ;  or  by  dtrteritdiiing  the  tiUortne  (§  141)* 

b.  At  14^, — Allow  the  boding  saturated  Holutlon  to  cool  down  to  this 
temijerature  with  freijuent  shaking,  and  then  proceed  lua  in  a, 

LI 00  jiarta  of  water  dissolve  at  109*7^  ... .  40*36  of  chloride  of  sodium. 
100  "  "  14^      35-87  ''         ** 


35, 


Deteemination  of  Tire  Degree  op  Solubility  of  Sulphate 
OF  Lime. 


a.  At  100°, 

L  At  12^. 

Digest  pure  pulverised  sulphate  of  lime  for  some  time  with  water,  in 

le  last  stage  of  the  process  at  40 — 50°  (at  which  temperature  sulphate 
of  lime  is  nsost  soluble);  ahaky  the  mixture  frer|uently  during  the  pro- 
cefls.  Decant  the  clear  solution,  t-ogether  with  a  little  of  the  precipi- 
tate, into  two  flasks,  and  hod  the  fluid  in  one  of  them  for  some  time ; 
allow  that  in  the  other  to  cool  down  to  12^,  with  frei|uent  shaking, 
and  let  it  sUind  for  some  time  at  that  temperature.  Hi  en  Alter  both 
solutions,  weigh  the  filtrates^  and  determine  the  amount  of  suljihate  of 
lime  respectively  contained  in  them,  by  evaporating  and  igniting  the 
i-esidues. 


100  parts  of  water  dissolve  at  100"  . . . 
100  "  **  13',.. 


0 -2 17  of  anhydrous  sulphate  of  lime. 
0-233  ** 


P.   DETERMmATION  OF   THE   SOLUBILITY  OF   GASES  Ui 
FLUIDS,  AND  ANALYSIS  OF  GASEOUS  MIXTURES. 

36,  Determination  of  the  Absorptiok-Coefficient  of 
Sulphurous  Acid. 

See  A  final,  d.  Chem.  it.  Pharm.,  vol,  95,  page  1 ;  alao  §  131,  2. 

37.  Akalysib  op  Atmosphebic  Aib, 
See  §§  240—242. 


G.  ORGANIC  ANALYSTS  AKD  DETERMINATIONS  OF  THE 
EQUIVALENTS  OF  ORGANIC  BODIES;  AI.SO  ANALYSES 
IN  WHICH  ORGANIC  ANALYSIS  IS  APPLIED, 

38.  Akalysib  of  Tabtaric  Acm. 

Bdeet  ekan  and  wliite  crystals.     Powder  and  dry  at  IDO*'* 
a.  Bum  with  oxido  of  copper  (§§  174 — 175)* 
37 


m 


msERcm^B  roB  BajwrncK* 


k  Bum  with  ojude  of  copper  and  finish  with  oxygen  gna  (§  ITS)* 
c  Buru  in  oxygisti  (|  178), 

q.  ,... ..     48   32 

H« a 4 

On m   ..,.- 64 


150 


100 


39,   DETERMi:«JiTIOJf  OF  THE  NlTROGEN  Of  CeTSTALLIZEB  FEEaOCTAKlHI 

OF   FOTASSIUM. 

Triturate  tho  perfectly  pure  crystals,  dry  the  powder  in  the  dedocHtor 
(§  27),  ftjid  datenrdae  the  nitrogen  as  directed  §  1S5*  The  fbrmiils  re- 
quirBS  19'87  per  c^nt,  of  nitrogen* 

40.   AHALY8I3  OF  TJbic  Actti  (or  any  other  perfectly  ptire  organic 
compound  of  carbon,  hydrogeiij  oxygen,  and  nitrogen). 

l>ry  pure  uric  acid  at  100**. 

a*  B^ternii nation  of  the  carbon  and  hydrtigon  (|  IBB), 
b^  Determination  of  the  nitTogeD« 
a.  After  |  185. 
C  After  Dumas  {§  184). 

Qb 30  ,........•     S5-n 

K, 28 33*33 

H^,.... „       2.,..,,,...       2  38 

O,  ............     24  .... 28*58 
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100-00 


41.  Analysis  of  a  Superphosphate  (§  235). 
42.  Analysis  of  Coal  (§  239). 


43.  Analysis  of  Ether. 

The  portion  employed  must  have  been  rendered  anhydrous  by  diges- 
tion with  fused  chloride  of  calcium  and  recently  rectified. 
Process  §  180. 

C,    '48 64-87 


10 13-51 

16 21-62 
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100-00 


44.  Analysis  and  Determination  of  the  E<juivalent  of 
Benzoic  Acid. 

a.  Determination  of  the  silver  in  benzoate  of  silver  as  directed  S  115, 
1  or  4. 

•     *l  ^®^rmination  by  any  suitable  method  of  the  carbon  and  hydrogen 
in  the  hydrated  acid  dried  at  100°.     Calculation,  §  200. 
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45.  AjfALYsis  Ain>  Determination  of  the  Equivalent  of  an  Organic 

Base. 

Analysis  of  the  base  and  its  double  salt  with  platinum.     Cfdculation, 
§200. 

46.  Determination  of  the  Density  of  Camphor  Yapor. 
Method  described  §  191.     Calculation,  201. 

47.  Analysis  of  a  Cast  Iron. 
After  §2a0. 


APPENDIX. 


ANALYTICAL  EXPERIMENTS.* 


1.  Action  of  Water  upon  QhASB  akd  Porcelauj  Vemklb,  m  thk  Pbocebs 

OF  EVAPOUATIOK  (to  §  41). 

A  large  bottle  was  filled  with  wftt43T  cantionBly  distillod  from  a  csopper  boilor 
with  tk  tin  condeiiMDg  tube.  All  the  ex]>erimi?iitf9  in  1  were  tnada  with  thia 
water. 

a.  300  0.  a,  oautfoualj  evaporated  in  a  platinum  dish,  left  a  reddne  weighing^f 
after  ignition,  0  0005  (frm.=0*00r7  per  1000- 

b.  600  o.  a  were  evaporated,  boEing,  nearly  to  dryneaa,  in  a  wide  fliiiik  of  Bo- 
hemian gliiAs;  the  remdue  was  tranjtferred  to  a  platinum  dish^  and  the  Eaflk 
rinsed  with  100  a  c.  di^tiUed  water,  wbich  was  added  to  the  residiie  in  tha 
diflh ;  the  duid  in  the  latter  was  then  evajiorated  to  drTneas,  and  the  f^Hidiie 
ignited. 

The  residue  weighed .,...*......* 0*0104  gnn. 

Deductini;' from  thifl  the  qnantil^of  fixed  matter  originallj  con- 
tained in  the  distilled  water^  ™ 0"0013     ** 

There  remduB  Bubetance  taken  up  from  the  glans  « , OOODS     ** 

=0*015JJ  j«?T  1000. 

In  three  other  experimentB,  made  in  the  same  manner,  300  a  c  left,  in  two 
OiXH0  grm.,  in  the  third  O^OOSTgrm,;  which,  calculated  for  000  c.  c,  givea  an 

ft^forage  of . . . . , .....-,,  00090  grm. 

And  ftfter  a  deduction  of O-QOld    '' 

0D078    " 
=0-013  per  lOOO. 

We  may  therefore  aasume  that  1  litre  of  water  diseolvea,  when  boiled  down 
to  a  small  bulk  in  ^laas  TesMsla,  about  14  milligramme-s  of  the  constituents  of 
theghua. 

e.  600  o.  G.  were  evaporated  nearly  to  diyness  in  a  dish  of  Berlin  porcelain,  and 
in  aU  other  respects  treated  nsinb. 

The  r^sidne  weighed 0*0015  grm. 

Deductinif  from  this  the  quantity  of  fixed  matter  contained  in 
the  diatilled  wat«r,  yU 01)013     ** 

There  remains  subetanoe  token  up  from  the  porcelain 0  0003     " 

=0-0005  per  1000. 

SI.  AcTtow  OF  Hydrochloric  Acio  upon  Glass  and  Porcelaik  VRSHELa, 
m  TttB  PEOCES8  or  Evaporation  (to  g  41). 

The  distilled  watAr  med  in  1  waa  mired  with  i\  of  pure  hydrochloric  acid. 

a,  800  grm.,  evaporated  in  a  platinum  dish,  left  0  002  ynn.  residue. 

k  300  gxm.,  evaporated  first  in  Bohemian  glass  nearly  to  dryneaa,  then  in  a 
platinum  dish,  leftOWll*  residue;  the  dilute  hydrochloric  acid^  therefore,  had 
not  attacked  the  glans. 

c.  300  grm.  evaporated  in  Berlin  porcelain,  <fec.,  left  0-0036  gnn.,  accordingly 
after  deducting  0O03,  0-0010=0  OOoa  per  tOOO. 

•  Tbe  experifiMmtn  an  nnmben^  m  in  the  gdgiKHa  edttloii,  bni  tome  an  oiiiltl«d. 
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d  In  a  Boooiid  ezpeziment  made  in  the  aame  nuomer  m  in  «l,  tihe 
amounted  to  0-0034,  aoooxdingly  after  dednotiiv  O-008,  0'<IQ14=:0'€047  pm 
1000. 

Hydrochloric  add,  therefore,  attacks  glaaa  mncb  len  tinn  wataTy  lAM 
porcelain  is  about  equally  affected  by  water  and  dilute  ]»dzoeblorio  aoid.  TUi 
shows  that  the  action  of  water  npon  glass  consistB  In  flie  fonmilinn  cC  nlaUs 
basic  silicates. 

8.  ACTIOK  OF  SOLUnOK  OF  OHLORIDB  of  AMMOmUM  UrOV  QfLUM  AID 
POBCBIiAIN  VBaSBLS,  IN  THB  PROGB88  OF  "BVAPOBkTICm  (tO  §  41). 


In  the  distilled  water  of  1,  xV  of  chloride  of 
eolation  filtered. 

a.  800  a  a  eraporated  in  a  platunim  dish,  left  0*006  gna.  ilzed  ] 

b,  800  a  a,  evaporated  first  nearly  to  dryness  in  Bohemian  fflsM,  tlMatodij- 
ness  in  a  platinum  dish,  left  0*0170  grm. ;  dednodiw  from  tills  OiM  gmu*  T 
remains  substance  taken  up  from  the  ^ass,  0*0119=0*0697  pev  IINML 

e,  800  c.  a,  treated  in  tiie  same  manner  in  Bedin  poioelain,  Ml  00178;  < 
dnotiDg  from  this  0*006,  there  remains  0*0118=0-0686  par  lOOOl 

Solution  of  chloride  of  ammonium,  therefore,  stronglj  attainH  ho/Ok^Ltmt 
porcelain  in  the  process  of  evaporation. 


4.  Action  of  Solxttion  of  Gabbonatb  of  Soda  ufoh  Glass  ahd 

LAIN  VeSSBLS  (to  §  41). 

In  the  distilled  water  of  1,  iV  of  pore  oiyataUlaed  oaifaoiiato  of  aods  vaa 
dinolyed. 

a.  800a  a,  supersaturated  with  hydrochloric  add  and  erapoiafeed  to  JijaiM 
in  a  platinum  dish,  &o.,  gave  0*0026  grm  silioio  aoid=0'0087  par  lOOOl 

b,  800  a  0.  were  gently  boiled  for  three  hours  in  a  glass  Teasel,  tbe  ef^pani- 
ing  water  being  replaced  from  time  to  time;  the  tolaiablj  eonesBlntod 
liquid  was  then  treated  as  in  a;  it  left  a  residne  m^hbag  0*1871  gm. ;  de- 
ducting from  this  the  0*0026  grm.,  left  in  a,  there  rsmalna  0-186  gniLsO'460 
per  1000. 

6.  800  c.  a,  treated  in  the  same  manner  as  in  d,  In  a  por  elain  tsmbI,  kfl 
0-0099:  deducting  from  this  0*0026  grm.,  there  remains  O-OOTSsOiMS  per 
1000. 

Which  shows  that  boiling  solution  of  carbonate  of  soda  attadn  gla«  vBiy 
strongly,  and  porcelain  also  in  a  yeiy  marked  manner. 

5.  Wateb  DisTiLLiiD  from  Glass  Vessels  (to  %  56, 1). 

42*41  grm.  of  water  distilled  with  extreme  caution  from  a  taO  flaak  with  a 
LiEBiG^s  condenser,  left  upon  evaporation  in  a  platinum  dish,  a  zeaidiw  weigh- 
ing, after  ignition,  0*0018  grm.,  consequently  tstsT' 

6.  Sulphate  of  Potash  and  Alcohol  (to  %  68,  a), 

a.  Ignited  puro  sulphate  of  potassa  was  digested  odd  with  abadhite  aloohol, 
for  several  days,  with  frequent  shaking;  the  fluid  was  filtered  off,  the  llltnite  di- 
luted with  water,  and  then  mixed  with  chloride  of  barium.  It  remained  per- 
fectly dear  upon  the  addition  of  this  reagent,  but  after  the  lapse  of  a  oonsideni- 
ble  time  it  began  to  exhibit  a  slight  opalescence.  Upon  evapOTatian  to  diyneas, 
there  remained  a  very  trifling  residue,  which  gave,  however,  distinot  indioatlooa 
of  the  presence  of  sulphuric  add. 

b.  The  same  salt  treated  in  the  same  manner,  with  addition  of  some  pars  oon- 
centrated  sulphuric  add,  gave  a  filtrate  which,  upon  evaporation  In  a  platinum 
dish,  left  a  dearly  perceptible  fixed  residue  of  sulphate  of  potaan. 

7.  Deportment  of  Chloride  of  Potassium  in  the  Aib  and  at  a  Hioh 

Temperature  (to  §  68,  b). 

0*9727  grm.  of  ignited  (not  fused)  pure  chloride  of  potassium,  heated  for  10 
minutes  to  dull  redness  in  an  open  platinum  dish,  lost  0*0007  grm. ;  the  salt  waa 
then  kept  for  10  minutes  longer  at  the  same  temperature,  when  no  farther  dimi- 
nution of  weight  was  observed.    Heated  to  Inright  redneas  and  semi-fusion,  tike 
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■alt  suffered  a  furtber  loaa  of  weight  to  the  eictent  of  0  ^0009  grm.     Ignited  in- 
teuApJj  and  to  perfect  fiiai on.  it  lost  0f)034  grm.,  more. 

Eighteen  hontv^  exposiire  to  the  ikir  prodnoed  DOt  the  atightest  inoreiuie  of 
weight. 

8.  Solubility  of  Potaswo-Biciilobidk  of  FhATmxm  nr  Alcohol  (to 
§  68,  c). 

a.  In  aifsmee  of  free  JfydroehinTie  Acid.  * 

a.  An  e:xce««  of  perfectly  pure,  recently  precipitated  potasfiio-bichloride  of  pItt- 
tinum  wa«  digostod  for  6  dayB  at  15 — 20  ,  mth  alcohol  of  97  '5  per  cent,,  in  a  stop- 
pered botUe,  with  frequent  shaking.  72*5  grm,  of  the  perfectly  colorleaH  filtrate 
left  npon  evaporation  in  a  platinum  dinh,  a  remdne  which,  dried  at  100  \  weighed 
0^006  grxxL  ;  1  part  of  the  salt  requires  therefore  12083  parU  of  alcohol  of  97^ 
per  oent.  for  solutionu 

tf.  The  same  experiment  wan  made  with  spirit  of  wine  of  76  per  cent  The 
filtrate  might  bo  said  to  be  coloriess ;  upon  evaportition,  slight  blacJcening  ensned, 
on  which  account  the  residae  wan  determined  &h  platinura.  75  5  grm.  yielded 
Q008  grm.  platinum,  corresponding  to  0  03  grm,  of  the  salt.  One  part  of  the 
ndt  di^lvea  accordingly  in  3775  parte  of  F[>irit  of  wine  tff  70  per  cent 

y.  The  game  experiment  waa  made  with  spirit  of  wine  of  TiS  per  cent  The 
filtrate  was  distinctly  yellowish.  63  2  grm.  left  0  0211  groi,  platinum,  cor- 
responding to  0  06  gnn.  of  the  salt  One  part  of  the  salt  diuaolves  accordingly 
in  1053  puts  id  spirit  of  wine  of  55  per  cent, 

b.  In  pre^enee  of  frae  Hydrochlorie  Add. 

Becently  precipitated  pot&sslo- bichloride  of  platinum  waa  digested  oold  with 
^nrit  of  wine  of  70  per  cent,,  to  which  ftome  hydrochloric  acid  had  been  added. 
Th«  aolntion  was  yellowiBh;  07  gnn.  left  0  0140  grm.  platinum,  which  corre- 
tfnofids  to  0  0365  grm.  of  the  salt.  One  pari  of  the  salt  diBaolves  accordingly  ta 
1S35  parts  of  spirit  of  wine,  mixed  with  hydrochloric  acid. 

&.    SXTLPHATE  OP  SODA  AKD  AlCOIIOL  (tO  §  69,  a\ 

Experiments  made  with  pure  anhydrous  sulphate  of  soda,  in  the  mamier  de- 
scribed in  6,  showed  that  this  salt  comporta  itaelf  both  with  pure  alcohol,  and 
with  alcohol  containing  Bulphnrio  fhddf  exactly  like  the  sulphate  of  potaaaa, 

10.   I)»POKT>IEKT  OF  IGNITEB  SULPSATK  OF  SOOA  XS  TIIK  Atr  (to  §  60,  a), 

d'5169  grm,  anhjdrotiB  sulphate  of  soda  were  eipoecMl,  in  a  watch-glasM,  to  the 
op^Q  air  on  a  hot  summer  day.  The  first  few  minutes  pnsBed  without  any  in- 
€xeftfte  of  weight,  but  after  the  lapse  of  5  hours  there  waa  an  incsreaae  of  O^MmU 
grm. 

12.  DeFORTMEKT  OF  CntORIDK  OF  SootUM  ts  TfiS  AiB  (to  g  00,  h\ 

*3281  grpi.  of  chemically  pure,  moderately  ignited  (not  fused)  chloride  of 
ium,  which  had  been  cooled  under  a  bell-glass  over  sulphurio  add,  acquired 

during  45  minutes*  expoaure  to  the  (somewhat  tnolat}  air,  an  increase  of  weight 

of  0  0009  grm. 

13.  Deportment  of  CnLORTOE  of  Sodium  upon  Ionitiok  dt  itself  ajtd 
Tvirn  Chloride  of  Ammonium  (to  §00,  h), 

4 '3281  grm,  chemically  pure,  ignited  chloride  of  sodium  were  dtssoWed  in 
wat^r,  in  a  raoiierate-si^ed  platinum  dish,  and  pur©  chloride  of  ammonium  was 
added  to  the  solution,  which  was  then  evaporated  and  the  residue  gently  heated 
nntil  the  evolution  of  chloride  of  ammonium  fumes  had  apparently  ceased.  The 
reaidue  weighed  4 '3334  gnu.  It  was  then  very  gently  ignited  for  about  2  min- 
tttes,  and  after  this  re-weighed,  when  the  weight  was  found  to  be  4*3314  grm. 
A  few  minutes'  ignition  at  a  red  heat  reduced  the  weight  to  4*3275  grm*,  and  2 
minutes^  further  ignition  at  a  bright  red  heat  (upon  which  occasion  white  fumes 
were  seen  to  escape),  to  4'(}240  gTm« 

14.  Deportment  of  Carbonate  op  Soda  va  the  Air  axd  ox  loKirroN  (to 
S'lOOl  grm.  of  moderately  ignited  ohemically  pure  oarbonato  of  iioda  were  ex- 
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posed  to  the  air  in  an  open  platinum  dmk  ia  Jmly  m. 
otee  the  weight  was  2  1078.  after  1  hour  S'lllSw    ^ 

1  -4212  grm.  of  moderatelj  ignited  theadoBj  pm 
nited  for  5  minutes  in  a  coyered  platinnm  cmobie ;  a 
weight  was  unaltered.     Heated  more  stroogiy  for  $ 
and  then  weighed  1  '4202.     After  being  k^ 
14135. 


15.  Deportment  op  Chloride  of  AwwuiLM 
Drtixg  (to  §  70,  a). 

0*5025  grm.  pnre  and  perfectly  dzj  Maadt  of 
water  in  a  platinnm  diah,  erapormted  so  dijmum  ia,  ttft 
dried ;  the  weight  was  now  foond  to  be  O^MSS 
again  heated  for  15  mizmtea  in  ch«  water-basfc.  i 
the  weight  was  found  co  be  0-5>S12  gta.    asdo  IM:  M'TTV 
for  15  minntee  to  the 
100:99^). 


SoLUHmrr 
70,  b,. 


or   AJotii^K-BscKZMmnm  or  PiATcnai 


1«. 
(to§ 

«.  An  exEcs  -i 
platznizae. 
itoppersd  ^iirrj* 

74  3  gm    nf  lis  5«e:f*irtL 
in  a  piati  i  i  tr  ma    f"^*'':;!  ^txl,  ?iitfiriuni 
One  pars  •:!!  "sat  tL^i  r^^rnzr^s  iLiBummqr 

.-*.  T!Lifr  sau  -n-^  iiit^nr  "via  3iazie  wtc& 
filsnse  Witt  ±3icane&7- 7»iIiiw:aL 

^1  "Tl  gm   jife  1  'ISTT  II. -fc'.  1 1 II  if  I. 


^«f  71] 


«fS?er 


hT4r>?iLl:r:i:  urui  -v-w  ufiieii  v  •±i*  foinc  if  w^wl  H  ■? 
of  pLitii-rzi-  ▼hjiii  :t:rrh«c»iiiifi§  *i  IllJft  |— w  rf  "as 
acifLjiefi  fpinr  Ijii  'Lii*r»f  :£i»  ff^aci-Tisii  I  pas  if 'Sbb  m£tL 

17.  stjLranrrr  liF  •TiajiiyArz -Iff  3a-nTA  zy  Vj 

g«»fCKii  for  T  Lit?  "^-^  -war^r   :jf 'H — 31 

wan  dlt>ir«*£,  imi  i  ^•lin^'-ii  :if  'jia  •^""^1=^  "ZKa-i 

cioa  "iv^.cii   liTim'Tuj.     li-t  '7ra»rr  r^ainsnn  3nizii!*&iscHi^ 

t^IllL  :;he  jid^^r  ilt  tfr-ir  rhjt  ^o^iw  If  i 

ioiamtni  1«^  ii!»ti  -  -i^iirxdirc.   !  •'«•  •fll  3a  'X 

V    /■»  ^'f  "P^r.--  — Tif*  si3i»*  ar*7*Tii]iae  if 
w:Lh  pur*!  \iiSZLl»^i  "TTCes:  ri" 
pnpaxvHl  rrttii    .-»!.£  x-iasi'  la 
^rm.  -jf  •lilt;  a»ic  *.iiixniTi   s^ri  Tij»'n  ■r^-ta^nsaaEOL,  * 
cyta.     On«  purt  -c  :=ar  auc  n«ut-**  n^r*2^ii»  ar  Unci 


<4^j 


if  ae 


.  lUSTi 
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dC  ■olphurio  aci^  ;  but  after  the  Uipse  of  a  very  coDsi^lerable  time,  a 
^  pdtaefitible  precipitate  fiepAmtecl  84*83  grm.  of  the  filtrate  left,  upoa 
#Ta|>oratioti  in  a  smaU  platinum  dish^  and  aubseqnent  gentle  ignition^  0*0000  gna. 
1  part  of  the  salt  had  oonneqaentlj  dbsolved  in  UIOOO  parts  of  tJie  fluid. 

19.  SOLUBILITT  OF  SlLICJO-FLTJOBrDB  OF  BARrUM  JH  WaTBR  (tO  §  71,  c). 

a.  Recently  precipitated^  thoroughly  washed  ailioo-fluonde  of  barium  was  di- 
gested for 4  days  m  cold  water,  with  frequent  shaking;  the  fluid  waa  then  Altered 
off,  and  a  portion  of  the  filtrate  tested  with  dilute  sulpliti--^  -^  nnother  portioti 
with  j«H>Jntion  of  aiilphate  of  lime  ;  both  reagents  prod  in  ry — the  former 
immediately,  the  Utter  after  one  or  two  eeoonds— prui  ,  oparated  from 
both  portions  after  the  lapse  of  some  time.  84 '82  grm*  of  the  filtrate  left  a  ram- 
due  which,  after  being  thoroughly  dried,  weighed  0'0223  grm.  1  part  of  the  alt 
had  consequently  required  »{802  parts  of  cold  water  for  it«  solution. 

b.  A  portion  of  another  sample  of  recently  preeipitatetl  silioo- fluoride  of  barium 
waa  heated  with  water  to  boiling,  and  the  soJuticKn  allowed  to  cool  (upon  which  a 
portion  of  the  dissolyed  salt  aeparatedl  The  cold  fluid  waa  left  for  a  oondder* 
able  time  longer  in  contact  with  the  undissolved  salt,  and  waa  then  filtered  off. 
The  filtrate  &owed  the  same  deportment  with  solution  of  aulphate  of  lime  aa' 
that  of  a,  84 '83  grm.  of  it  left  0  "OS^  grm.  One  part  of  the  salt  had  acoordinglj 
diaeolved  in  3;li)2  parts  of  water 

20.  SOLITBILITT  OF  SILICO-FlUORTDE  OF  BaRIUM  IN  WaTER  ACTDIFTED 
WITH   HYOROCnLQRlC  ACTB  (tO  §  7l»  C), 

a.  Becently  precipitated  pure  siHco- fluoride  of  barium  was  digested  with  fre- 
quent Bgitstion  for  3  weeks  with  cold  water  acidified  with  hydrochloric  add. 
The  filtrate  gave  with  suiphurio  acid  a  rather  oopionjs  precipitate.     84 '82  grm, 
^left  0  1155  grm.  of  thoroughly  dried  residue,  which,  calculated  aa  sQico- fluoride 
of  barium,  givea  733  parts  of  fluid  to  1  part  of  that  salt. 

6.  Recently  precipitated  pure  ailico-nuoride  of  barium  waa  mixed  with  water 
▼eiy  slightly  acidified  with  hydrochloric  acid,  and  the  mixture  heated  to  boiling. 
Cooled  to  12\  84-83  grm.  of  the  filtrate  left  a  residue  of  0'132!3  grm.,  which  givee 
I  <M0  ports  of  fluid  to  1  part  of  the  salt 

N.  B,  The  solution  of  silico- fluoride  of  barium  in  hydrochloric  acid  is  not  effect- 
\^  without  decomposition  ;  at  lea^t,  the  residue  contained^  6?en  after  igmtion, 
ft  rather  large  proportion  of  chloride  of  barium. 

21.  BOLUBTLITY  OF  8U1.P11ATE  OP  STROKTIA  Df  WATER  (to  §  78|  a), 

fk  In  WaUr  of  14^ 

84'82  grm.  of  a  solution  prepared  by  4  days^  digestion  of  reoenUy  precipitated 
■ulphate  of  strontia  with  water  at  the  common  temperatare,  left  0  0123  grm.  of 
sulphate  of  6tn>ntia.  One  part  of  Sr  O,  B  0|  diaiolTea  ooakaequently  in  6805 
parte  of  water. 

6.  In  Wat^  of  100\ 
84^  grm.  of  a  solution  prepared  by  boOing  recently  predpitattwl  sulphate  of 
vtrontia  aeveral  honra  with  water,  left  0i)088  gnn.    Conaeqruently  1  port  of  Sr  O, 
8  Op  dlMolTee  in  Q(U18  poxtA  of  boiling  water. 

St.  SOLUnrHTY  OF  SlTLPHATE  OF  STRONTIA  CT  WaTKR  CONTAOJtNO  HYDRO- 

dXLOKic  Acid  and  Sulpui  uir  Acid  J  to  §  72,  a). 

a,  84  82  grm.  of  a  solution  prepared  by  8  digra*  digeation,  left  0'0077  grm. 
SrO,  80». 
h  43*41  grm.  of  a  solution  prepared  by  4  days*  digestion,  left  0  0036  grm. 
ft  Pure  carbonate  of  strontia  wae  diseolved  in  an  exoeaa  of  hydrochloric  add, 
and  the  solution  precipitated  with  im  exceaa  of  milphuric  add  and  then  allowed 
to  stand  in  the  cold  for  a  fori^ighU     84*82  grm.  of  the  filtrate  left  00006  grm. 
In  a.  1  part  of  Sr  O,  8  Oj  required  11016  parte. 
h,  1  **  **  11780      " 

c   1  •*  *'  12791      '* 


Mean ,    ...    11863  parte. 


urn  gam.  «f  tie  ilMIe  \M 


Ob  0/C  Oa.     1  part  lierefore  req^red  1080 

imn'plifM  il  €«  O,  C  O,  Tu  boO«d  for  i 

49^  era.  of  tlw  &li7m«#  kft,  mpoa  er^xxntii 

1*,  Sotrsti-CTT  ar  Oi  O,  C  Ok  Cf  Wixma  coi^TAcnB 
Ptti«  ditaie  aolBtiaa  of  fjil4srid«  of  ealdttm  was  precip 

tell  fliNnSpiB.  Cb  O,  C  0».    1  pftrt  ioqiiii»i  ooxi«equen 
IB.  ^ammiMamt  or  C^saoXATx  or  Liice  troir  I^ 

polacllr  di7  eattfonale  of  Uxne  ^ 
B,  to  tlie  ftadnal^  locrcMiaet],  mxd 
of  A  gtwd  BkbzzuC^  lidnp.    Tbe  cnifalitA  w&i;  open  asid 

f  O^^Btt^  wkkh  tetter  vijg^  remained  mialt^ijied  mi\ 
10  74^5  per  cent.,  vlulst  H 
t  te  ealcujated  M  9§  per  oeat.  ;  there  remi 
«tQl «  «xmsdeT&bIe  fttiiaaiil  of  the  eftrbotuc  mcAd, 

OoMFosrrio^  of  Otalatk  of  Lnns  drteh  at  10 

0"851CI  gro).  of  thoronglii^  eirj  pure  c^^bonnte  of  lim< 
ofaloric  Acid  ;  tbe  aohitioii  waa  predpitaled  with  oiala 
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XDomii,  and  the  precipitate  colle<jted  upon  a  weigbed  filter  tmd  dried  at  10O'\ 
QOtU  the  woigbt  remaiiied  coTiRtant,  The  oxalate  of  lime  so  produced  weighed 
1^S401  gniL  Caleiilating  this  as  Ca  0,  C^  Oa-haq.,  the  amacmt  found  contained 
Q  4772  Ca  O,  which  oorreapondH  to  5G  (^7  per  cent  in  the  carbonate  of  lime  ;  the 
calculated  proportion  of  lime  in  the  latter  is  .^6  per  cent. 

30.  BePORTMENT  op  »SULPnATE  OP  MAQJiEfflA  IN  THE  AlK  AND  UPON  IGNI- 
TION (to  §  74,  a}. 

0'8135  grm.  of  perfectly  pmr©  anhjdroiiii  M.g  O,  S  O,  in  a  ooyered  platinam  cru- 
cible acquired^  en  a  &ne  and  warm  day  in  Jane,  in  half  an  hour,  an  increase  of 
weight  of  O0O4  grm.,  and  in  the  conrse  of  12  hours,  of  0  067  grm.  The  aolt 
could  not  Ire  accurately  weighed  in  the  open  omcible,  owing  to  continual  increase 
of  weight 

0'8l3*^  gtm.,  exposed  for  acme  time  to  a  very  moderate  red  heat,  suffered  no 
diminution  of  weight ;  but  after  5  minutes'  exposure  to  an  Intense  red  heat,  the 
eabetance  waa  found  to  haye  loat  0  0075  grm. ,  and  the  reMJdne  gave  no  longer  a 
dear  Holution  with  water  About  0  2  grm.  of  pure  nulphate  of  magnesia  ex- 
[  in  a  umall  platinum  crucible,  for  15  to  30  minuteti,  to  the  heat  of  a  powerful 
gu»lnmp,  g'ive,  with  dilute  hydrochloric  acid,  a  solution  in  which  chloride 

!  barium  failed  to  produce  the  least  turbidity. 

8t,  S<>LtrBiLiTT  OF  TiiK  BAaic  Phobi'hate  or  MAGNEaiAAND  Ammonia  in 

PITEE  WaTKB  (to  §  74,  6). 

a,  Eccently  precipitated  baaic  phosphate  of  magnesia  and  ammonia  woa 
thoroughly  washed  with  water^  then  digested  for  24  noura  with  water  of  about 
15°,  with  frequent  shfiking. 

84-42  grm.  of  the  filtrate  left 0  0O47  grm, 

of  pyrophosphate  of  magneaia. 

b.  The  same  precipitate  was  digested  in  the  same  manner  for  73 
hours 

84-42  gmu  of  the  filtrate  left . 0iX>43    " 


Mean    0-0045    «< 

which  cjorreHpondfl  to  0  0055*2  grra,  of  the  anhydroua  double  aalt     1  part  of  that 
Bait  dissolves  therefore  in  15293  part*  of  pure  water. 

The  cold  saturated  solution  gave,  with  ammonia,  after  the  lapBe  of  a  short 
time,  a  ditttinetly  perceptible  crystalline  precipitate; — on  the  addition  of  phoe- 
phate  of  si>da,  it  remained  perfectly  clear,  and  even  after  the  lapse  of  two  days 
no  precipitate  bad  fonned  ;  —phosphate  of  soda  and  ammonia  produced  a  precipi- 
tate as  large  as  that  by  ammonia. 

32.  8oi.uBn JTY  OP  Basic  PiroBPHATE  op  Magnesia  akd  Ammonia  in  Watek 
containing  Ammonia  (to  g  74,  6j, 

a.  Pure  basic  phosphate  of  magnesia  and  ammonia  was  disaolvod  in  the  leaiib 
pcMsible  amount  of  nitric  aoid ;  a  large  quantity  of  water  wa^  added  to  the  roIu* 
tioin,  then  ammonia  in  excesa.  The  mixture  was  allowed  to  stand  nt  rest  for  34 
hoaiBf  then  filtered ;  its  temperature  was  14".  84 '42  grm.  left  0  0015  pyrophoa- 
phate  of  magnesia,  which  oorreeponda  to  0  00184  of  the  anhydroua  double  salt 
Consequently  1  part  of  the  latter  requires  45880  parts  of  ammoniated  water  for 
its  Rolution. 

b  Pure  boBio  phosphate  of  magnesia  and  ammonia  was  digested  for  4  weeks 
with  ammoniated  wat(>r.  with  frequent  shaking;  the  Huid  < temperature  14*)  waa 
then  filtered  off;  120  113  grm.  left  0  0Q24  pjToiibospbate  of  magneffia,  which  cor- 
responds to  0  00296  of  the  double  salt  1  part  of  it  therefore  dissolves  in  42780 
paits  of  ananoniated  water.  Taking  the  mean  of  a  and  b^  1  part  of  the  double 
ealt  requires  44^130  parts  of  ammoniated  water  for  its  solution. 

33.  Another  Experiment  on  the  bamk  Subject  (to  g  74,  b). 

Recently  precipitated  phosphate  of  magncRia  and  ammonia,  most  carefullj' 
washed  with  water  contatmojif  ammonia,  was  dissolYed  in  water  acidified  with 
liydrochloric  acid,  ammt)nia  added  in  excess,  and  allowed  to  stand  in  the  cold  for 
94  honim.  1*10(14  grtn.  of  the  fiJtrate  left  0  0031  pyrophosphate  of  magnosia^ 
oofxesponding  to  0  00^18  of  imhydrous  phosphate  of  magnesia  and  ammoma.  1 
i  of  the  double  salt  required  therefore  44600  parts  of  the  fluid. 
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34.   SOLUBILITT  OF  THB  BASIC  PH06PHATS  OF  KAflanBB^  AMD  AHMfflni  Dl 

Watkb  coirrAiKisa  Chlobide  of  Ammohtctm  (to  %  74,  by. 

Beoentlj  precipitated,  thoronghly  washed  basic  plMM|iliato  ot  insgBMi  sad 
ammonia  was  digested  in  the  oold  with  a  sohitloQ  of  1  part  of  fJiWIifci  «f  mmam^ 
niom  in  5  parts  of  water.  18*4945  grm.  of  the  filtrate  left  OINKI  pjiuphoiphiti 
of  magnesia,  which  corresponds  to  0-00245  of  the  double  Mttw  1  putt  of  the  alt 
disBolyes  therefore  in  7548  parts  of  the  fluid. 


35.    SOLUBILITT  OF  THE  BASIC   PhOCFHATB  OF  MAfflflffA  AXD  AllliOf  4  El 

Water  containing  Ajoi onia  and  Chlobidb  of  AMxaHiUM  (to  %  74,  A>. 

Recently  precipitated,  thoroughlj  washed  phosphate  of  magniw 
nia  was  digested  in  the  cold  with  a  solution  of  1  pert  of  cbkrMe  of 
in  7  parts  of  anmioniated  water.     231283  grm.  of  the  filtrate  left  0-0013  pgvo- 
■  ■    ■  ■        Ipnt 


phosphate  of  magnesia,  which  corresponds  to  0*00148  of  the 

of  the  doable  salt  requires  oonseqaentlj  15027  parte  of  the  lliiid  for  ite 


36.    DEPORTME2VT   OF  AciD   SOLUTIONS  OF   PTBOFBOflFHAIB   O 

WITH  Aiof ONiA  (to  §  74^  e). 

0*3985  grm.  pyrophosphate  of  magnesia  was  treated  for  aeTenllionn,  at  a  h%^ 
temperature,  with  concentrated  snlphnric  add.  This  ezerdeed  no  peveeptifalo 
action.  It  was  only  after  the  addition  of  some  water  that  the  sal^  diMnlieii. 
The  flnid,  heated  for  some  time,  gave,  npon  addition  of  ammonia  m  errfi,  a 
crystaUine  precipitate,  whi<^  was  filtered  off  after  18  houn;  the  qnanftitjof 
pyrophosphate  of  magnesia  obtained  was  0*3805  grm.,  that  ia,  05*48  per  oenL 
Fbosphate  of  9oda  prodnoed  in  the  fihrate  a  trming  precipitate,  wld^  gaTS 
0*0150  grm.  of  pyrophosphate  of  magnesia,  that  is,  3"^  per  cent. 

03505  grm.  pyrophosphate  of  msgnifsis  was  diasolTed  in 8 gim.  aftrie  add, 
of  1*2  sp.  gr. ;  the  solution  was  hotted,  dihited,  and  preeqntBted  with  aauao- 
nia:  the  quantity  of  pyrophosphate  of  msgnrrris  dbtahied  amounted  to  0*3485 
grm.,  that  is,  98*42  per  cent, ;  0--I975  grm.  was  treated  in  the  same  manner  with 
7*6  grm.  of  the  same  nitric  acid :  the  quantity  re-obteined  was  0*4835  gnn., tibat 
is,  99*19  per  cent. 

0*786  grm.  treated  in  the  same  wi^wn^  frith  10*2  grm.  of  nitrie  acad,  gaTe 
0*7765  grm.,  that  is,  98-79  per  cent^ 

The  result  of  these  experiments  may  be  H*^^***^  thos: — 

Proportion  ofS  M|^  O.  POk 

to  nitric  a«i<L  B•-o^Cliacd.  LaM. 

1   :     9  98-42  percent.  1*58 

1   :  15  99  19  0« 

1   :  20  9879        '•  1*21 

37.  Solubility  op  pure  Magnesia  nc  Watkk  'to  §  Tip  ^ 

a.  In  Cold  Water. 

Perfectly  pure  well-crystallized  sulphate  of  magnesia  was  dtsnlred  In  water, 
and  the  solution  precipitated  with  carbonate  of  «wiw«^»w^  aid  caoatie  ammonia; 
the  precipitate  was  thoroughly  washed — ^in  spite  of  which  it  still  iitsfmd  a  per- 
ceptible trace  of  sulphuric  acid — then  dissoWed  in  pore  aitiic  acid,  an  f  if  «■  of 
acid  being  carefuUy  SToided.  The  solution  was  then  re-psecipitated  with  mr- 
bonate  of  ammonia  and  caustic  ammonia,  and  the  psecipitate  thqroagh|y  i  ~  ~ 
The  so-prepared  perfectly  pure  basic  carbonate  of  muTifiiii  was  yw< 

platinum  crucible  until  the  weight  remained  ^-^wwlant     The  reaidnaiy  pore  i ^ 

nesia  was  then  digested  in  the  cold  for  24  hours  with  distzOed  water,  with  fre- 
quent «hakirg.  The  distiUed  water  used  was  perfectly  free  frna  chlorine,  and 
left  no  tLx«sii  residue  upon  CTaporatioo. 

«.  SI  >2  rrn.  of  the  filtrate,  cautiousix  eraporated  in  a  f"**'— r  £^  left  a 
leeidue  w-:;r^iin^.  after  ignition.  0  0015  ^  1  part  of  Ae  pore  angneaia  die- 
sol  T*d  t  h^r^  f :  re  in 777 \T- . ---T  g^&ifl 

parts  of  ccM  water. 
The  digestion  wa*  wcszaued  for  48  hours  kwer  wken 

^^^^™^:''?'^''^''*«™"     1P«  repaired  iheiefow, 59018 

y.  Mt«grm.  .«-A  0\V:5gnn.     1  part  required. 56546 
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The  solution  of  mugnGaia  prepared  in  the  eold  way  has  a  feeble  yet  diatinct 
aUcaline  reaction,  which  is  most  easily  peroeived  upon  the  addition  of  very  falnUy 
reddened  tincture  of  litmoB;  the  alkaline  reaction  of  the  fwlution  is  perfectly 
manifest  also  with  lightly  reddened  litmus  paper,  or  with  turroeric  or  dahlia 
pftper,  if  these  test-pajjcrs  are  left  for  some  time  in  contact  with  the  tuohition, 

AlkalinB  carhonatea  fail  to  render  the  ftolutiou  turbid,  even  upon  hoiling^. 

Pho<ipbate  of  ^mlii  aUo  fail.>^  to  impair  the  oleacnefifl  of  the  aolntion,  but  if  the 
fluid  is  mixed  with  a  little  ammonia  and  ahaken,  it  speedily  becomes  turbid,  and 
depocdtfi  after  some  time  a  perceptible  precipitate  of  basic  phosphate  of  magaeida 
and  ammonia. 


h.  In  Hot  Water. 

TJporn  boOing  pore  magneftia  with  water,  a  solution  is  obt&ined  which  comports 
Itoelf  in  every  rf8pe<Tt  like  the  cold-prepared  solution  of  magnesia.  A  hot-pre- 
pared solution  of  umi^uesia  doe^}  not  become  turbid  upon  oooling,  nor  does  a  cold- 
prepared  fiohition  upon  boiling-.  84 '82  grm.  of  hot-prepared  solution  of  magnesia 
left  0001*3  gnu   Mg  0. 

38-    f?oi,UBixiTT   OP  Pure  Maonksia   in   SoLcnoiffa  op   Chlohtde   op 

POTABSITM   AND   CHLORIDE  OP   SODIUM  (tO  §  74,  (l) 

fj  HoAkji  of  equal  size  were  charged  as  follows  :^ — 

1.  With  1  gruL  pure  chloride  of  potassdumj  200  c*  c.  water  and  some  perfectly 
pure  magnesia. 

2.  With  1  grm.  pure  chloride  of  sodium,  300  a  o.  water  and  some  pure  mag- 
nesia. 

3.  With  200  a  a  water  and  some  pure  magnesia. 

The  contents  of  the  3  flasks  were  kept  boiling  for  40  minnteR,  then  filtered, 
and  the  clear  filtrates  mixed  with  equal  quantities  of  a  mixture  of  phosphate  of 
aoda,  chloride  of  ammonium  and  ammonia .  After  13  hours  a  very  stigbt  pred- 
pitatioQ  waH  viitibie  in  3,  and  a  considerably  larger  precipitation  had  taScen  plaoe 
in  1  and  2, 

39.   PKECIPrTATlON  OP  Al^IIMmA  BY  AMMOmA,  ETC.  (to  §  75,  a). 

a.  Ammonia  prodnoen  in  neutral  aolutkma  of  salts  of  alumina  or  of  alum,  as  ia 
well  known,  a  gelatinous  precipitate  of  hydrate  of  ahimlna.  Upon  further  ad- 
dition of  ammonia  in  considerable  excesBf  the  precipitate  redisaolves  graduikllyi 
but  not  completely. 

b.  If  a  drop  of  a  dilute  solution  of  alum  is  added  to  a  oopions  amount  of 
ammonia,  ami  the  mtjcture  shakeu,  the  solution  appears  inmost  perfectly 
dear  ;  however,  after  standing  at  rest  for  some  time,  «light  flakes  separate. 

0,  If  a  solution  of  alumina^  mixed  with  a  large  amount  of  ammonia,  is  filtered^  and 

a.  The  filtrate  boiled  for  a  considerable  time^  tlakes  of  hydrate  of  alumina 
separate  gradually  In  proportion  as  the  excess  of  ammonia  escapes. 

$,  The  filtrate  mixed  with  solution  of  chloride  of  ammonium,  a  very  peroep* 
tible  floGculent  precipitate  of  hydrate  of  alumina  separates  immediately  *  the 
whole  of  the  hydrated  alumina  present  in  the  solution  will  thus  separate  if  the 
chloride  of  amraonium  be  added  in  sufBcient  quantity, 

y.  The  filtrate  mixed  with  sesquicarbouate  of  ammonia ^  the  same  reaction 
takes  place  aA  in  &. 

^.  The  filtrate  mixed  with  solution  of  chloride  of  sodium  or  chloride  of 
potassium^  no  precipitate  separates,  but,  after  several  days*  standing,  slight 
flakes  of  hydrate  of  alumina  subside,  owing  to  the  loss  of  ammonia  by  evaporation, 

d.  If  a  neutral  solution  of  alumina  is  precipitated  with  carbonate  of  ammonia, 
or  if  a  solution  strongly  acidified  with  hydrochloric  or  nitric  acid  is  precipitated 
with  pure  ammonia,  or  if  to  a  neutral  solution  a  sulflcient  amount  of  chloride 
of  -  ^"-^"tTim  ia  added  besides  the  ammonia  ;  even  a  considerable  exoeas  of  the 
p  -•  will  foil  to  rediasolve  the  precipitated  alununa^  as  appears  from  the 

c*r  perfect  clearness  of  the  filtrates  upon  protracted  boiling  and  evapora- 

tion. 

40.  PREcrprrATioN  op  Ai^uiona  by  Siiuhidb  of  AHMONitni  (to  §  75,  a\ 
{Erpr'riments  made  by  Mr.  J.  FcoHS,  fiyrmefiy  A»m$tani  in  my  LabortUory.) 
a,  50  c.  o.   of  a  solution  of  pure  ammouia'alum,  which  contained  0  3939 


— r^  '-r=c.  .7  L  c.  water  sad  10  e.  c.  solntiaii  of  nlpliida  of 
. .    .  -pn    ,iiar  sta  minatea.     T!be  ignited  precipitate  weighed 

_     .^-i.-PTTi  ▼:«  repeated  wxidi  IQO  c  e  water;   tiie  pseo^itate 

^     .,T^ninitre  vas  repeated  with  :iOO  c  c  water ;  the  precipitaie 

■'\i'.'*a    -IP  SEsquioxzDK  ow  CHBoxm  BT  Ammonia  (to  g 

.  -isoziim'JExde  of  chromium  and  of  ch?!?fne-alam  (oonoentrated 
..  -I    jju  u:£iiified  with  hydiochlonc  ftcid>  were  mixed  with  am- 

:-si^  ^  'lie  ilcrates  drawn  off  immedia&e^  after  pre<sipitation  ap- 
.     ritru  licered  after  ebullition,  thej  all  appeared  ooloden,  if  the 

•.    --u  Tiuixcienclj  protracted. 

Lu-  7*     if  ruE  Basic  Carbonate  of  Zinc  in  Watkb  (to  §  77,  a\ 

ii£v.  r*nMndT  (hot)  precipitated  banc  carbonate  of  zinc  was  gentlj 
.^^     ..^     .jfUiltHl  wacer.  and  snbeeqnentlj  digested  cold  for  many  weeka, 

_    -^«^:r«.^  <uuiiDg.     The  clear  eolation  gare  no  precipitate  with  snlphide  of 

.^ ,.  _-..i  even  ^er  long  standing. 

-  ?^  .  uk  '.'It  iiiH>14  g^rm.  oxide  of  zinc,  which  oozresponds  to  0'<X)19 
->^  i«.Mi.M«  -.^i  zmc  1 74  per  cent,  of  Zn  O  being  aasomed  in  this  salt). 
•  .  ^.    .  -J3«  bOMC  carbonate  requires  therefore  44642  parts  of  water  for  so- 

r    I'HH   THRES  FOLLOWING    NUMBERS    THE    BTU^HIDE  WAS  PRE- 

«^.-.  .  ^>v^  .u*e  :jolucion  ol  the  neutral  salt  with  addition  of  chloride  of  ammo- 

.       ...-v%  >uipaiUe  of  ammoninm,  and  allowed  to  stand  in  a  closed  vosmI. 

:  k  .  -  .'-u^s  -.lie  clear  fluid  was  poured  on  to  6  filters  of  equal  size,  and  the 
.^  .^.*.  >^  iieu  equally  distributed  among  them.  The  washing  was  at 
. .  .      --.. -x...^  and  continued,  without  interruption,  the  following  fluds  being 


^^<:*  v.ouuiiniug  sulphuretted  hydrogen. 
uc:*.  >.*.<uiaiuiug  sulphide  of  ammonium. 
-  i«.«:^  «.uuuuniug  chloride  of  ammonium,  afterwards  pure  water. 
>«CL  si'uuuuing  sulphuretted  hydrogen  and  chloride  of  ^^TnTn/^Tiinm^ 

...«iw;*£iU  water  containing  sulphuretted  hydrogen. 
•i^L  1.   .  vuLaiuing  sulphide  of  ammonium  and  chloride  of  •■mTn/>T^iiiTn^ 

..«:&^aids  water  containing  sulphide  of  ammonium. 

*.4^*»iHii>iT  ov  Sulphide  of  Zinc  on  Washing  (to  §  77,  e\ 

^  Ur»«c6  .vere  at  first  colorless  and  dear.  On  washing,  the  first  three  fil- 
^.  >  «a  iruugh  turbid,  the  turbidity  was  strongest  in  IL  and  weakest  in 
L  .»»«  .atc^  remained  quite  clear.  On  adding  sulphide  of  ammonium  no 
..^•.  .  A.^  -uic-^f ;  the  turbidity  of  the  first  three  was  not  increased,  the  dear- 
>:  r  -.Mi  ..i«b  vurt^e  was  not  impaired.  Chloride  of  ammonium  therefore  de« 
.^  .^C4.ux£i«:»  i  favorable  action,  and  the  water  oontaining  it  may  be  displaced 

<,*u^  ^vuUMiiuig  sulphide  of  ammonium. 

'>awiiiMtuNr   OF  SULPUIDE  OF  MANGANESE  ON  WABHINO   (tO   §  78,   «). 

^^.i.ccteiiti*  \«e£o  at  first  dear  and  colorless.     But  after  the  washing  had 

..       ..:uucd   some    time,   I.    api)eared    colorless,  slightly  opalescent;    IL 

.  ;aa  ..,^U  Tuibid;  111.  yellowish  and  turbid;  lY.  colorless,  slightly  turbid ; 

'J^L-J^.   .  ^.^owish,  nearly  clear ;  VL   dear,  yellowish.     To  obtain  a  filtrate 

^icar,  therefore,  the  wash-water  must  at  first  contain  chloride  of 

Vdditiou  of    8ul])bide   of    ammonium  also  cannot   be  dispensed 

!    riitf  :iltratt's  obtained  without   this  addition  gave  distinct  pre- 

>ui^aide  ot  man^^anese  when  the  reagent  was  subsequently  added  to 
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45.  Deportment  op  Sulphtbe  op  Nickel  (also  of  Sulphide  op  Cobalt 
AND  Sulphide  of  Iron)  on  WABiirNo  (to  g  70,  d}. 

In  the  experimenta  with  sulphide  of  nickd  the  clear  filtrates  wore  put  a^ide, 
and  then  the  washing  was  proceeded  with.  The  washitigB  of  the  firat  3  ran 
through  turbid,  of  tho  last  li  clear.  When  the  washing  wa«  finished,  L  was 
oolorleaa  and  clear;  II,  blackish  and  clear ;  UL  dirty  yellow  and  clear;  IV.  ool- 
orlesB  and  clear;  V.  a%hUy  opalescent ;  VL  slightlj  brownish  and  opalescent 
On  addition  of  sulphide  of  ammomiim,  I,  became  brown  ;  II,  remained  mialtcsr- 
fd  ;  III,  remained  unalbered ;  IV.  becinnie  black  and  opaque  ;  V.  became  brown 
and  clear  ;  VI,  became  pure  yellow  and  clear. 

Sulphide  of  cobalt  and  eulphide  of  iron  behaved  in  an  exactly  fdmilar  manner. 
It  is  plain  that  thcne  »ulphide»  oxidize  more  rapidly  when  the  waAh-water 
contains  chloride  of  ammomum,  imleHs  sulphide  of  ammonium  ia  also  present 
Hence  it  is  necessary  to  wash  with  a  fluid  containing  sulphide  of  ammo- 
nium ;  and  the  addition  of  chloride  of  ammonium  at  finit  is  mnoh  to  ho  re- 
commended,  as  this  diminishes  the  likelihood  of  our  obtaining  a  muddy  fil- 
trate. 

4(1  Depobtmbnt  op  Hydrate  op  Pbqtoxidk  op  Cobalt  precipitateb 
BY  Alkaliss  (to  g  80,  a). 

A  solution  of  protochlorido  of  cobalt  was  precipitated  boiling  with  solution 
of  soda,  and  the  precipitate  washed  with  boiling  water  until  the  filtrate  gave  no 
longer  the  least  indication  of  presence  of  chlorine.  The  dried  ond  ignited  rosi- 
due,  heated  with  water,  manifeirted  no  alkaline  rea^^-tion.  It  was  rednced  by  ig- 
nition in  hydrogen  gas,  and  the  metallic  cobalt  digested  hot  with  water.  The 
decanted  water  manifented  no  alkaline  reaction,  even  after  oonsiderable  con- 
centration ;  but  the  metallic  cobalt,  brought  into  contact^  moist,  with  turmeric 
paper,  imparted  to  the  latter  a  strong  brown  color. 

47.  Solubility  of  Carbokate  op  Lkab  (to  §  83,  a). 

a.  In  pure  Water. 
Recently  precipitated  and  thoroughly  washed  pnre  carbonate  of  lead  was 

ed  for  8  days  with  water  at  the  common  temperature,  with  frequent 
shaking.  84 "42  grm.  of  the  filtrate  were  evaporated,  with  addition  of  some 
pure  sulphuric  acid;  the  reBiduary  sulphate  of  lead  weighed  0  0019  grm,, 
which  corresponds  to  0iX}167  carbonate  of  lead.  One  part  of  the  latter  salt 
dissolves  therefore  in  505.51  parts  of  water.  The  solntion^  mixed  with  tnl- 
phnretted  hydrogen  water,  remained  perfectly  colorle#«s,  not  the  least  tint 
being  detected  in  it,  even  upon  looking  throujjb  it  from  the  top  of  the  test* 
cylinder 

b.  In  Wat^  oontmning  a  Uitte  Aceiaie  ef  AmmenUet  and  otto  CarhamU§  of 

Ammonin  and  Ammonui. 
A  highly  dilute  solution  of  pure  acetate  of  lead  was  mixed  with  carbonate  of 
ammoTua  and  ammonia  in  excess,  and  the  mixture  gently  heat^ed  and  then  al- 
lowed to  stand  at  rest  for  several  daya  84*42  grm,  of  the  filtrate  left,  upon  evap- 
oration with  a  little  sulphuric  acid,  0  0041  grm.  sulphate  of  Jea^l,  which  oorre* 
sponds  to  0  0030  of  the  carbonate.  One  part  of  tho  latter  salt  rt»quire«  accordingly 
3rS450  parts  of  the  above  fluid  for  solution.  The  solution  was  mixed  with  Rulphu- 
retted  hydrogen  water;  when  looking  through  the  fluid  from  the  top  of  the  test- 
cylinder,  a  diwtinct  coloration  was  visible  ;  but  when  looking  through  the  cylinder 
laterally,  this  coloration  was  hardly  perceptible.  Traces  of  sulphide  of  lead 
aepaxated  after  the  lapse  of  some  time. 

e.  In  Wat€r  ctmimninff  a  large  proportion  of  Kitrats  of  Ammonia^  together  tp»£A 
CarbonaU  of  Ammonia  and  Caji^tic  Ammania, 
A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  nitric  acid,  then 
with  carbonate  of  ammonia  and  ammonia  in  excess  ;  the  mixture  was  gently 
heated,  and  allowed  to  stand  at  rest  for  8  daya  The  filtrate,  mixed  with  sul- 
phuretted hydrogen,  exhibited  a  very  distinct  brownish  color  upon  looking  through 
it  from  the  top  of  the  cv Under  ;  but  thiM  color  appeared  very  slight  only  w^hen 
looking  through  the  cylinder  lAteradly.  The  amount  of  lead  dissolved  was  unquea- 
iionably  more  considerable  than  in  K 
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he  lApse  of  24  honra  the  weight  hsid  not  altered  in  tho  leiuit^     I  introdtioed 

II I  grm.  mercury  into  a  flafik,  treated  it  with  a  copiotia  quantity  of  dis- 

MQe6  water,  and  boiled  for  15  minatca  violently,  I  then  placed  the  niercoiy 
Again  upon  the  watoh-glaaa,  dried  it  moKt  carefully  with  blotting-paper,  and 
weighed.  The  weight  was  now  5-44i)2  grnL  Finding  that  a  trace  of  merouiy 
had  adhered  to  the  paper,  I  repeated  the  same  experiment  with  the  6  4402  grm. 
After  15  minutes^  boiling  with  water,  the  merctiry  had  again  lost  0*0004  grm. 
The  reraaining  6*4398  grm.  were  exposed  to  the  air  for  6  daya  (in  uumroer,  during 
▼ery  hot  weather),  after  which  they  were  found  to  have  lost  only  0  0005  grm. 

55.  DKPORTICKjrr  of  StrLPHTDE  OF  HEaCTIRT  WITH  SOLUTIOIf  OF  POTA88A, 

SiTLPttiDE  OF  Ammonium,  etc,  (to  §84,  <?). 

a.  If  recently  precipitated  pnre  snlphide  of  mercnry  is  hoiled  with  pare  solu- 
tion of  potaflsa,  not  a  trace  of  it  diasoWes  in  that  fluid  ;  hydrochloric  actd  pro- 
duces no  precipitate,  nor  even  the  least  coloration,  in  the  filtrate. 

b.  If  milphide  of  mercury  in  hoiled  with  solution  of  potossa,  with  addition  of 
0ome  sulphiirettfid  hydrogeo  water,  sulphide  of  araraoninm,  or  «ulphur»  complete 
fiolution  is  effected, 

e.  If  freshly  preoipitated  sulphide  of  mercnry  is  digeated  in  the  cold  with 
yellowish  or  very  yellow  ^ilphide  of  ammonium,  slight,  but  diftiuctly  percepti- 
ble traoos  are  dissotved,  white  in  the  coiie  of  hot  digestion,  scarcely  any  traoea 
of  mercury  can  be  detected  in  the  solution,* 

d.  Thoronghly  washed  sulphide  of  mercury,  moistened  with  water,  inifera  no 
•Iteration  upon  exposure  to  the  air;  at  least,  the  fluid  which  I  obtained  by 
waahing  sulphide  of  mercury  which  had  been  thus  exposed  for  24  houra^  did  not 
maxiif est  acid  reaction,  nor  did  it  contain  mercury  or  sulphuric  acid. 

56.  Deportmbht  of  Oxidb  of  Coffer  tjpow  loirtTioK  (to  §  85,  by. 

Pure  oxide  of  copper  (prepared  from  nitrate  of  copper)  was  ignited  in  a  plat- 
inum crucible,  then  cooled  under  a  bell-jar  over  sulphuric  acid,  and  finally 
weighed.  The  weight  was  3*542  grm.  The  oxide  was  then  most  intensely 
ignited  for  5  minutes,  over  a  BERZKLiua*  lamp,  and  weighed  as  before,  when  the 
weight  was  found  unaltered ;  the  oxide  was  then  onoe  more  ignited  for  5  minutes, 
but  with  the  same  result, 

57.  D«PORTMB2fT  OF  OxiDE  OF  COPPER   tN  THE   AFR  (to  §  85,  b). 

A  platinum  crucible  oontaiiiing  4 '3921  grm.  of  gently  ignited  oxide  of  copper 
(prepared  from  the  nitrate)  stood  for  10  miDUtes^  covered  with  the  lid,  in  a  warm 
xoom  (in  winter i ;  the  weight  of  the  oxide  of  copper  was  found  to  have  increased 
ta4'99S9grm. 

The  oxide  of  copper  was  then  intensely  ignited  over  a  spirit-lamp;  after  10 
miiiilteA*  standing  in  the  covered  oracible,  the  weight  had  not  perceptibly  in- 
doaaod  ;  after  2A  hours  it  had  increased  by  0  OOtiO  grm. 

68.    Deportment  of  Sui^phibe  of  Bibmuth  0pon  drtino  at  100*  (to 

0'4558  grm.  of  sulphide  of  bismuth  prepared  in  the  wet  way  were  plaoed  in 
the  deaiooator  on  a  watch  glass  and  allowed  to  stand  at  the  common  tempera- 
ture. After  3  houi»  the  weight  was  0*4270,  after  0  houra  0  4258,  after  2  d»j% 
the  same. 

0'860^  grm.  of  the  sulphide  of  bismuth  so  dried  was  put  into  a  water-bath,  in 
15  minutes  it  weighed  0  3990,  half  an  hour  afterwards  0-35!lll,  in  half  an  hour 
more  0-3CJ08,  in  two  houra  0  3620.  In  a  second  experiment  the  drying  waa  kept 
up  for  4  days,  and  a  ooutinnal  increose  of  weight  was  observed, 

0*5081  grm.  of  sulphide  of  bismuth  dried  in  the  desiccator  was  heated  in  a 
boat  in  a  stream  of  carbonic  acid.  After  gentle  Jgnitiou  the  weight  waa  0  5002, 
after  repeated  heating  0  4992,  The  sulphide  of  bismuth  was  visibly  volatilised 
on  ignition  in  the  current  of  carbonic  amd. 


*  Ootap.  my 

d8 
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59.   Deportvkht  of  SuLPmnE  of  Cadmtuu  witb  AMMomx^  £fC. 

Eeoently  precipitated  pure  fmlphirJe  of  cadmium  waa  diffused  ihroofli  1 
■ad  liie  foUowing  experiments  were  mad«  with  th£  mixtore. 

a.  A  portion  was  digested  cold  with  ammonia  in  exoen,  and  filtered.  Tlie  fil- 
trate remained  petf ectlj  dear  npotn  addition  of  hjdrochloric  aeid. 

b.  Another  portion  was  digested  hot  with  exce»  of  ammonia^  and  filti 
Thifi  filtrate  llkewi^  remained  perfectly  dear  upon  addition  of  hjd 
a<ud. 

e.  Another  portion  wax  digested  for  some  time  with  solntioa  of  cjanide  of  po- 
taflsinm,  and  filtered.  Thia  mtEate  also  remained  perfecUj  dear  upoii  ^^^i*^^ 
ot  hjdrodiloric  acid. 

d.  Another  portion  was  digested  with  hjdziosnlphate  of  sulphide  of  aizmunmiai^ 
and  filtered.  The  turbiditij  which  hjdrodiloric  acid  imparted  ta  this  filtrate  wai 
pnre  white. 

(A  remark  made  hj  Wackkitrodeil,  in  Bcchkra^s  Beperlor.  d,  Phano., 
iItL  22G,  induced  me  to  make  theae  e3cpemnetit& ) 

eO.   DepOBTMEWT  op  PBECIPITATBO  TEBSULPSmS  OF  ASTlMOSrr  OH  DBT' 

ma  (to  g  90,  a). 

0-2899  grm.  of  pore  precipitated  teisolphide  of  antiman7  dried  in  the  desioca- 
tor  lost,  when  dried  at  100%  Oi)007. 

0*4457  grm.  of  the  suhstauoe  dried  at  100*  loat,  when  heated  to  blackeoi^g  k 
a  stream  of  carbonic  add,  0  0011  water. 

0*1032  grm.  of  the  suhetanoe  dried  at  100^  gare  np  0*0012,  when  he^M  to 
blackening  in  a  stream  of  carbonic  acid^  and  after  strooger  heating,  during  whidk 
ftuncA  of  Bulphide  of  antimony  began  to  eecape,  the  total  loas  amotmfted  lo 
0  0022  grm. 

0  1070  grin,  of  the  substance  dried  at  100'  lost  0-0005  gzm.  o^  being  heated  lo 
blackening  in  a  ^tr^om  of  carbonic  add. 


01.  AifouKT  OF  Wateb  in  Htdrated  Silicic  Acn>  (to  %  98,  9). 
{Ezperimetits  mads  bg  my  amHant^  Mr,  Lepfebt.) 


A  dilute  solution  of  soluble  glass  was  slowly  dropped  into  hydrochloric  add^ 
as  long  as  the  precipitate  continued  to  dissolve  rapidly,  then  the  cle&r  finid  was 
heated  in  the  water-bath,  till  it  set  to  a  transparent  jelly.  This  jelly  was  dried 
oe  f  or  as  poorihle  with  blotting  paper,  diffused  in  water,  and  waahed  by  decanta- 
tion  till  the  fluid  altogether  ceased  to  give  the  chlorine  reaction.  It  was  then 
transferred  to  a  filter,  and  the  latter  spread  on  blotting  paper  and  expoeed  till  a 
orumbly  maes  was  left  from  the  spontaneous  eyaporation  of  water.  One  half 
(L)  was  dried  for  8  weeks  in  the  desiccator  over  sulpharic  acid,  with  oeoasiooal 
trituration,  the  other  half  (II. )  was  dried  under  similar  circumstancea,  but  in  a 
Tacnnm.  Both  were  tran^erred  to  closed  tubes  and  these  were  kept  in  the  de- 
idccator. 

The  weighing  of  the  Bubstance  dried  at  100"  was  effected  between  watdi 
glasaes.  For  the  purpose  of  igoiting  the  residue,  it  was  allowed  to  satiate  itself 
with  aqueous  ynpor  by  ex])osiire  to  the  air,  otherwise  a  ooneiderable  quantity  of 
the  sobstance  would  have  been  loet^  then  water  was  dropped  upon  it  in  the  watch 
glass,  then  it  waa  rinsed  into  a  platinum  crucible,  dried  in  a  water- baUi, 
ignited^  at  first  cautiously,  towards  the  end,  intensdy. 


I 


The  substance  I,  contained  Hx^t  1. 

Water,  escaping  at  or  below  100" ......*...     4'19 

abovelOO^ 4  76 

SiHdoadd .,.  91*05 


Exptl 
OO-TJ 


I 


100-00      100*00 

Consequently  the  hydrate  dried  at  100""  consists  of  4*07  water  and  VKO/i  riUde 
acid.  In  the  mib«tance  dried  in  the  desiccator  the  oxygen  of  the  total  water : 
the  oxygen  of  the  silido  add,  according  to  the  first  experiment :  :  1  :  O'l^  ao- 
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^m 


ond  expenment  :  :   1  :  5 '86,     And  in  the  irabetance  driQd  ftt 
L  of  the  water  :  the  oxjgen  of  the  silidc  ftdd  :  :  1  :  11  ^. 

xace  IL  contained  Erat,  i.  ««it.  i.       Bxpt  8. 

,  escaping  at  or  below  KK)** 4  75           4*71  {     «  ^r 

abovelCK)- 6-26           5-21  f     *'^^ 

cic  acid mM  9008          9005 


100  00       100  00 


100  00 


rjscquontly  the  hydrate  dried  »t  100**  connists  on  the  average  of  5*49  water 
ad  94  "51  silicic  acid.     In  the  8iib«taiice  dried  in  a  vacnum  over  gulpburio  acid 
he  oxygen  of  the  tot^l  water  :  the  oxygen  of  the  Hillcio  acid— on  an  aver- 
age :  :  1  :  6-41,     And  in  the  substance  dried  at  100'  the  oxygen  of  the  water: 
the  oxygen  of  the  silicic  acid  :  :  1  ;  10'43. 

61  Detekmtsation  of  Babtta  by  Frecipitation  with  Carbonate  of 

Ammonia  (to  §  101,  2,  a). 

0^7t'S53  grm.  pure  Ignited  chloride  of  barfam  precipitated  after  g  101,  2,  a,  gave 
0-7142  Ba  0,  C  0„  which  corresponds  to  0-554719  Ba  O  —  73  44  per  cent  (100 
parts  of  Ba  CI  ought  to  have  given  73 '50  parts).  The  result  aooordingly  waa 
99-70  instead  of  lOO. 

63.  Detebmination  op  Babyta  in  Organic  Salts  (to  §  101,  3,  by 

0^0  grm.  racemate  of  baryta  (2  BaO,  Cb  H^  Oid+5  aq.)  treated  aooording  to 
§  101,  2,  *,  gave  0  408  carbonate  of  baryta  =  0  3109  Ba  O  -  46-20  per  cent,  (oal- 
cnlated  40-38  per  cent.) ;  id,  99*61  instead  of  100. 

64.  Detebmination  of  Steontia  as  Sui»piiate  of  Steontia  (to  §  103, 
1,  a). 

a  An  aqneona  solution  of  1  -4^98  grm.  Br  01  was  precipitated  with  snlphnrio 
acid  in  excess,  and  the  precipitated  sulphate  of  strontia  washed  with  water.  It 
weighed  1  4113,  which  corresponds  to  0 -705408  Sr  O  =  64  15  percent,  (calculated 
03  38  per  cent.) ;  »«.,  98  12  instead  of  100. 

b.  1'1510  grm.  Br  O,  C  Oa  wojs  dissolved  in  excess  of  hydrochloric  acid^  the 
iolntion  diluted,  and  then  precipitated  with  sulphuric  acid  ;  the  precipitated  8r 
O,  S  O,  waa  washed  with  water ;  it  weighed  1'4024  ==  079039  Sr  O  =  68-68  per 
cent  (calculated  70'07  per  oent ) ;  i.e.,  98  02  instead  of  100. 

65.  Determination  of  Stbontia  as  Sui^fhate,  with  CoaRBCTioN  (to 
§  102.  1,  a). 

Tbe./lft/v*/^  obtained  in  No.  64,  d,  weighed  190-84  grm.  Acoording  to  experi- 
ment No.  23,  11862  porta  of  water  containing  aolphurio  acid  dJaeolve  1  part  of 
■nlphnte  of  atrontia;  therefore,  190-84  grm.  dissolve  O'OIOI.  The  VHMhinffA 
weifrhed  03  61  grm.  According  to  experiment  No,  21^  6895  partfi  of  water 
dissolve  1  part  of  Sr  O,  S  Og ;  tiierefore,  <t3'Gl  grm  dissolve  0'(K)92  grm. 

Adding  0-0161  and  0  0092  to  the  1  4024  actnaUy  obtained,  we  6nd  the  total 
amount  =  1  '4277  grm.<^  which  correspondB  to  0  80465  Sr  O  =  69*91  per  oent.  in  8r 
O,  0  Oj  (calcuLited  70*07  per  cent.) ;  t\e,,  99 '77  instead  of  lOO. 

66.  Determinattok  of  Strontia  as  Carbonate  of  Strontia  (to  g  102,  2% 

1'8104  grm.  chloride  of  atrontium,  precipitated  according  to  §  103,  3,  gave 
1  -2204  Sr  O,  C  O^.,  oontnining  0*8551831  Sr  0=05-36  per  cent,  (calculated  65 fe) ; 
ie.,  99-82  instead  of  100. 

In  the  potm  followinq  kiperim^ents,  and  also  in  No.  72,  puke  air- 
dried  carbonate  of  lime  was  tised,  in  a  portion  of  which  the  amount  of  anhydrona 
carbonate  had  been  determined  by  very  oautioufl  heating.  0^647  gnu.  lefl 
0-7581  grm.,  which  weight  remained  nnalterod  upon  farther  (extremely  gentle) 
ignition ;  t/ie  air-drUd  carbouaU  e<mtmned  acGordingly  55*516  per  cent  ofHrn^, 
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59.     pEIViRTMLN 

Rectnilj  tr-:-.  ■■■ 
■ad  the  foV.  'xl'  J- .: 

tease  re=: .-.::.*  \  ] 

Tliif  fi;trai'=-    .:/.- 

e.  Ano:hor  TH^rri- 

of  hTdr^--r'r."   :. 

A  Ani.-:hrr  i ■■■' 
•ad  filwrv  1  !  i. 
pore  whi-.o 

(A  rtir.^:.; 

•0,  Df: 
nre  ^to  ?'' 

ftork-^:. 

044r: 

ftttr«.\r 

OU':- 

feice> 
01 


Ldcb  bt  PBaHnFrrATs>v 


-     vas  diaaolTed  in  bjdzorhlaric 
.  :ni:  auid  and  aLoohoL  after  ^  108, 
.uiiiiitf  0-65598  Ca  O.  Le.,  55-31  per 
■^iMikd  of  100. 

O,,    BT    PBBCIFITATIOX    TflTH 

■    -•  ITU  PUBE  Watek  fto  §  103,  2,  a). 

,TTiL  of  "the  air-dried  carbonate  of 
.1^  1  1243  gxm.  anhydroajft  carbonate  of 
\  '.•>!  per  cent  (calcnlated  55-51  per  cent ) 


-^  O.   C   Ot,    BT  FBEClPrTATIOH   WITH 

.^n  Solution  (to  §  103,  2,  6,  «). 

'jua^q  of  lime**  diBBolred  in  hjdrocfaloric 
..  .  I.  g^re  l-te82grm.  Ca  O,  G  Oi  (reaction 
.  \&0  =  55-618  percent  (calculated 55-516 
.«!  lUO. 


i.)XALATE  (to  §  108,  2,  ft,  a). 


)  of  lime  **  were  diesolved  in  hydrochloric 
,^mk.  vifih  oxalate  of  ammonia  and  ammonia,  the 
.  -s^kM  I00\  nntil  the  weight  remained  constant 
M4.  weighed  1-2461  grm.,  containing  0*477879 
ji'-}l6  per  cent),  which  gives  100*45  instead 


1 HMT  or  Lime  Pbecipitated  ab  Oxai^te  (to 


««,  ««ce  taken  of  a  solution  of  pure  chloride  of  cal- 

;«  nm  vietermined  in  the  grayimetrio  way  (by  pre- 

I,  ir-"-*  and  weighing  as  Ca  O,  C  Ot) ;  in  two  by  the 

.  And  in  two  by  precipitation  with  oxalate  of  am- 

M  vjuifcic  acid  in  the  precipitate  by  solution  of  per- 

V  .  jiimwing  were  the  results  obtained : — 


Br  the  alkalimetric 
method. 
0*5614 
0-5620 


e.  By  solution  of  per- 
manganate of  potassa. 

0*5613 

0-5620 


^^  ,.--^»  >J  \8  Ca  O,  C  Ot  BT  Precipitation  as  2  Ca  O,  O 

v.*arbonate  of  lime  **  dissolyed  in  hydrochloric  acid 

according  to  the  directions  of  §  103,  2,  b,  /?, 

:wm  vhich  did  not  manifest  alkaline  reaction,  and  the 

.M«^  *Ji  the  least  upon  evaporation  with  carbonate  of 

Ca  O  =  55'39peroent.  (calculated  55*51),  which 


^^■^  Xaonkbia  as  2  Mg  O,  P  O.  (to  §  104,  2). 

«^\rm.  pure  anhydrous  sulphate  of  magnesia  in  water, 

.  '  '    .j^-»  .*  ''^4*  2,  gave  0*9834  pyrophosphate  of  magnesia,  oon- 

,i^'=2-i*     »"476  per  cent,  (calcuhited  88*83  per  cent),  which 

^JT^^i:*^^^  ,^j*«  0t«74  2  Mg  O,  P  O.  =  83  43  per  cent  of  Mg  O  (cal- 
^«^£?vji*^  l\»^  instead  of  100. 
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74.  PRKCiPiTATioir  OF  Acetate  of  Zmc  by  STJi-PinniETTED  Htdrookh 
(to  §  108,  b\ 

a.  A  solution  of  pure  aoetate  of  zmo  wan  treated  Mrith  the  gaa  in  exoess^  al- 
lowed to  stand  at  reiit  for  some  time,  and  then  filtered.  Tlie  filtrate  was  mbcod 
with  ammonia  ;  it  remained  perfectly  clear  at  first,  and  even  after  long  Btauding^ 
a  few  hflidly  TiKible  flakes  only  had  separated. 

b.  A  solution  of  acetate  of  adnc  to  which  a  tolerably  lar;^  amount  of  acetic 
acid  bad  been  added  preTiously  to  the  precipitation  with  Hfulphuretted  hydrogen, 
showed  exactly  the  same  deportment. 

75.  DETERSimATION   OP   IRON   AS   SjTWWrTDR  (to  S  11!J,  2), 

10  0^  0.  of  a  pure  Holution  of  aesquichloride  of  iron  waa  precipitated  with  am- 
monia; obtained  01453  Fe,  0»  =010171  Fe. 

10  c,  c.  was  precipitated  with  ammonia  and  milphide  of  ammonium^  and  treatod 
after  §  113,  3,  obtained  04596  Pe  8=0-10157  Fe. 

10  c.  c.  again  yielded  OiOOo  Fe  S=0,102l  Fe. 

76.  Betebhination  of  Lead  ah  Chbomatk  (to  §  116,  4). 

li)083  grm,  pure  nitrate  of  lead  were  treated  according  to  §  110^  4.  The  pre- 
cipitate was  collected  on  a  weighed  filter,  and  dried  at  100  ,  obtained  O-OSTl 
grm.  =0*67833  Pb  O.     This  gives  07  "3  per  cent.     Calculation  67  "4. 

0*9814  nitrate  of  lead  again  yielded  0  9625  chromate=67'4  per  cent, 

77*  Dktkrmination  of  Mercury  jj»  the  Metallic  State,  m  the  Wkt 
Way,  by  Meapts  op  Protochloride  of  Tik  (to  §  US^  1^  b). 

2  01  grm,  chloride  of  mercury  gave  1405  grm,  metallic  mepcuiy=72'88  p«r 
cent,  (calculated  73  "83  per  oentj,  which  gives  fe  71  instead  of  100  (Schaffner). 
The  loBs  is  not  inherent  in  the  method,  t>.,  it  does  not  arise  from  mercury 
evaporating  during  the  ebullition  and  desiccation  (Expt.  No.  54) ;  but  its  origin 
litis  in  the  fact  that  one  usually  does  not  allow  sufBcieut  time  for  the  mercuzy  to 
settle  quite  completely,  and  in  general  i&  not  careful  enough  in  decanting,  and 
drying  with  paper,  &c 

78,  Detehmikation  of  Copper  by  Phbcipitation  with  Zihc  in  a  Plat- 
mvu  Dish  (to  §  119,  2). 

30 '882  grm,  pure  sulphate  of  copper  were  disflolved  in  water  to  050  o.  o, ;  10 
c  a  of  the  solution  contained  accordingly  QtilSSl  grm.  metallic  copper. 

a.  10  c.  c.  precipitated  with  zinc  in  a  platinum  diah,  gave  0 '3140=100*00  per 
cent. 

A.  In  a  second  exj^riment  10  c.  c.  gave  0'3138  =  100  per  cent 

79.  Behaviou  of  Copper  PaECiprTATED  nv  Zinc  ok  Ignition  in  Htdho- 
QKH  (to  p.  229,  foot-note), 

A  dilute  solution  of  sulphate  of  copper  waa  acidified  with  hydrochlono  acid 
and  precipitated  with  eiuc  in  a  platinum  orucible.  the  precipitate  waa  waahod 
with  water,  then  with  alcohol,  and  dried  at  100'.  0  7901  grm.  of  this  was  ig- 
nited for  ^  of  an  hour  in  a  stream  of  hydrogen.     It  then  weighed  0*7052  grm. 

80.  Determination  op  Copper  as  Sub8Ulpiiocya2cii>e  (to  §  119,  3,  ft). 

0'5065  grm.  of  pure  aulphate  of  copper  waa  dissolved  in  a  little  water^  and, 
after  addition  of  an  exceee  of  Bulphuroua  acid,  precipitated  with  Bolphocyanide 
of  potaasium.  The  weU-washed  precipitate,  dried  at  100^,  weighed  0  2893,  cor- 
xoafKmding  to  0  1 8D2  Cu  O =3 1 '  72  per  cent  As  sulphate  of  copper  contains  31  '83 
per  oeaL,  this  gives  09-00  instead  of  100. 

81,  Determination  of  Copper  by  Dk  Haen^s  Method  (to  §  119,  4,  a). 

Four  10  o,  c.^s  of  a  solutton  of  sulphate  of  copper «  each  10  o.  c.  oontainiag 
Oi)054  grm,  Cu,  were  severally  mixed  with  icniide  oif  potaaaium,  then  with  50  c  a 
of  a  solution  of  sulphurouja  acid  (50  o.  o,  corresponding  to  1 2 1)4  c.  o,  iodine  solu- 
tion). After  addition  of  starch  paste,  iodine  solution  waa  added  until  the  floid 
ikppeared  blue. 


d,  8*96 

.  jV  a  c.  j£  lodiitt  aointum  oontained  0*58043  gun.  iodine^  flds  gIfW 

For  a,  0-0256  Ca  instead  of  0*0854 

*  6,  0*0860  *'  " 

•  (J.  0-0857  "  " 
••    rf,  0-0260           "  " 

.  jUMtf  tutpoouHMis,  made  with  100  c.  c.  of  the  same  solntdon  of  wdphate  of 

■iJM«  «^««  V  ;i606  in^ma>i  of  0*^54  of  copper.     Nitoto  of  ^Tnmnmia.  haTing  been 

■«Mk  Ui  1^  a  <-.  'ji  bhe  Hoiatzon  of  sulphate  of  copper,  then  some  dilate  hydzo- 

.  .'joti  m^MJL,  '^i  '4  aoiii  -So  c  c,  ot  iodine  solution  were  required  instead  of  4  cl  a,— 

>  n«k  ^OAfr  i.tMiat*i>^nihiy  more  iodine  had  separated  than  oozre^Hmded  to  the 

A'  ritMi  o^  ^4>LUTioN  OF  Cyanide  of  Potassixtx  itfon  Ammoniacal 

iu^LLKftt  «A»  OXlXm  OF  OOFFBS  (to  §  119,  4,  b), 

'imm  iJ  c.  o.  s  o£  a  solution  of  sulphate  of  ooppNBr,  each  10  c.  c.  containing 

-zu^  w  \yi\ikM  ui  copper,  were  mixed  with  increasing  quantities  of  a  solution 

^^.MWMA^  ouiii  a  sodident  amount  of  water  to  equalize  the  degree  of  oonoen- 

..MM.  ^  .uo  uuRM  puctiona.     Solution  of  cyanide  of  potassium  was  then  added, 

y  ^..  Kirup.  uiiul  the  blue  color  had  disappeared.     This  required  the  following 

-  •uuwa  wi  <m4»a»M  Sohzfetakof  Water  Bolotioii  of  <7aiiSd« 

■oiHMb  ammonia.  nw«r.  oCpotaaaiiim. 

■»«.  o.  4c.  c.  12c.  a  6*7 

♦  CO.  8c.c.  8  c.  a  6*85 

'»c.o.  16  CO.  Oaa  7*1 

■'■--—  dshifis  o£  ammonia  also  exercise  some  influence,  as  the  following  experi- 
,»^  .a*a/M«  .viuch  were  made  the  next  day  with  the  same  aolutioDB : — 

«..;•>,  s  Oa.  SoL  N  Ha.  Water,  ko.  8oL  K  Cy. 

■  c  c  3  c.  a  14  c.  c.  6*70 

c  w  3ac.  14  c.  C.S0LNH4  Cl  (1.10)  7*40 

«  ^  «  i  10  a  c.  water,  )  ,fu^ 

'^^  ^^-^  I   4ac.SO,diL(l:5f  ^^ 

2a  a  I   8ccNH.O,NO.(l:10))  ^^ 

^  ^  <su.u.  J6aa  water  J 

.•»  c.  0.  4  of  solution  of  sulphate  of  copper,  each  10  a  c.  containing 

'j»  at^M,  w«»M  mixed  with  10  o.  c.'s  of  a  solution  of  sesquicarbonate 

'*\  and  after  addition  of  water  or  of  solution  of  neutral  ammo- 

^  uoukiaium  solution  was  added  till  the  blue  color  had  Tanished. 

;.  c.  3  N  H«  O,  8  COi         c.  c.  Water,  Ac.  o.  a  K  C7. 

10  10.  water  U  J^iJ 

10  10.  N  H4  O,  S  0,  (1 :  10)  I  ^  \^^ 

to  10.  NH4 O,  NO.  (1 :  10)  I  ^  \l'^ 


10 


10.NH.C1(1:10)  {t,\l\ 


.^^..^  -JM  i  ilzMp«  of  ferrocjranide  of  potassium  does  not  much  assist 
k-an^JMOtu  as  the  solution,  which  towards  the  end  is  colored 
ft.ij^t  v<ttUow  when  more  cyanide  is  added,  and  is  not  fully 
L  jodiuon  of  the  same  salt  has  been  made,  and  it  has  stood 

.  .^^-t**  ^»  :«rritATK  OF  BlBlfUTH   BY  CARBONATE   OF   AlCMONIA 

,  no  matter  whether  containing  much  or  little 
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free  nitric  acid,  i^  mbced  with  water^  preeipitfitred  wiib  carbonate  of  ammonia  and 
ammonia,  and  filtered  without  applyuifir  faejit,  the  filtrate  aeqiiireR,  upon  addition 
of  enlplmretted  hydrogen  wat«r^  a  blackifih- brown  color.  But  if  the  luixttire  be- 
fore filtering  ia  heated  for  a  short  time  nearly  to  boiling,  aulphiiretted  bydrog«n 
fails  to  impart  this  color  to  the  filtrate,  or^  at  all  evonta^  the  change  of  color  ii 
hArdljr  Tiiiible  to  the  eye  tooking  through  the  full  test-tube  from  the  top. 

SL  Determen'ation  of  Antimony  as  Sulphide  (to  g  125,  1). 

0'55ft  gruL  of  pure  air-dried  tartar  emetic,  treated  aocordingto  §  125,  1,  gave 
0*2902  grm.  tersulphide  of  antimony  dried  at  100  ,=;  '2492  grm.  or  44  .IS  per  cent, 
of  tejorido  of  antimony.  Heated  to  blackening  in  a  current  of  carbonic  acid,  the 
precipitate  lout  0  0079  grm.  (reckoned  from  a  part  to  the  whole),  leaving  accor- 
dingly 0*282;)  grm,  of  anhydrons  tersulphide  of  antimony,  which  corresponda  to 
0*24245  grm.  or  43 '37  per  cent,  of  teroicide  of  antimony.  Aa  the  tartar  emetic 
contains  4il'70  per  oent  of  teroxide  of  antimony,  the  prooesB  givea,  if  the  precip- 
itate Li  dried  at  100%  10201 ;  if  heated  to  blackening,  99-22  instead  of  100: 

89.  Determination  of  Phosthoric  Acid  as  PTROFHOsroATE  of  Mao- 
NESIA  (to  §  134,  b,  «). 

1  0159  and  2'0@(K)  grm,  pnre  dyiitaUised  phosphate  of  soda^  treated  aa  directed 
§  134,  d,  47,  gave  0'594l  and  0  0494  grm.  of  pyrophosphate  of  magnesia  reHpeo- 
tively.  These  give  W'BS  and  1 9  01  per  cent,  of  phosphoric  acid  in  phosphate  of 
soda,  instead  of  19 '83  per  cent, 

90.  Detbrmtnation  of  PnoernoRtc  Acid  ab  Phobphatb  of  SEe^trtoxroii 

OF  Uranium  (to  §  134^  c). 

30  c.  0.  of  a  solution  of  pnre  phosphate  of  soda»  treated  with  sulphate  of  mag- 
nesia, chloride  of  ammonium,  and  ammoniA,  as  directed  %  134,  b^  a,  gave  0'32S9 
grm.  of  pyrophosphate  of  magnesia.  10  c  e.  contained  aoooidingly  0 '06982  grm. 
of  phosphoric  acid. 

10  c.  c,  of  the  same  solution  were  then  precipitated  with  acetate  of  sesquioxide 
of  uranium  as  directed  g  134,  e.  The  ignited  precipitate  was  treated  with  a 
little  nitric  acid,  then  agadn  ignited ;  after  cooling,  it  weighed  0'3478  gnn«  cor- 
responding to  0  00054  grm.  of  phosphoric  acid. 

91.  Determination  of  Free  Sclfhuretted  Htdrooen  bt  Means  or 

Solution  of  Iodine  (to  §  148,  I,  a). 

The  experiments  were  made  to  settle  the  following  questions:  — 
a»  Does  the  quantity  of  iodine  required  remain  the  same  for  solutions  of  snl- 
phuretted  hydrogen  of  different  degrees  of  dilation  ? 

b.  Does  the  equation  H  S+ I:=:H  I + B  really  represent  the  decomposition  whioh 
takes  place  ? 

The  sulphuretted  hydrogen  water  was  contained  in  a  flask  closed  by  a  doubly- 
perforated  oork  ;  into  one  aperture  a  liphon  with  pinehcock  was  fitted,  to  draw 
olf  the  fluid ;  into  the  other  apertufe  a  short  open  tube,  whioh  did  not  dip  into 
the  fluid 

Question  a. 
m.  About  SO  0,   c.  of  iodine  solution  were  introduced    into  a  flapk,  which 
was  then  tared  ;  enlpburetted  hydrogen  water  was  added  uutil  the  yellow  color 
had  just  disappeared.     The  flask  was  then  dosed,  weighed,  starch  paste  added, 
and  then  Holuiion  of  iodine  until  the  fluid  appeared  blue. 

70  '2  grm,   H  B  water  required  28  '4  c.  a  iodine  solution,  100  acoordlngly 
83-33  c.  c. 

68 '4  grm.  required  22*7  a  a  iodine  solution,  100  accordingly  33 '20  a  o. 
0^  Same  process  ;  hut  the  fluid  was  diluted  with  water  free  from  air. 

61f>  grm.  H  S  water  +  200  gnn.  water  required  20 '7  o.  c.  iodine  solution, 
lOO  accordingly  33*65  a  c 

52*4  gnu.  +400  grm.  water  required  17*^7  o.  c.  iodine  solution,  100  accord- 
ingly 33*77, 
The  iodiue  solution  contained  0*00498  iodine  In  1  a   c.     Considering  thai 
addition  of  a  larger  volume  of  water  neoessajily  involves  a  slight  increase  in  the 
quantity  of  iodine  solutioUf  these  results  may  be  oonsldered  suffloienUy  corm- 
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Qiaeiticiii  A. 

Aec«)rdizig  to  &,  100  grm.  Qt  the  H  8  irater  Ccmti 
iBg  tbe  proportioti  to  b«  100  r  33 '2, 

173  ti  gnu.  of  thtp  BiLrae  water  were,  immftdiAtely  i| 
drawn  off  Into  &  l^jdroGhlono  fr<M  «o1qUoii  of  ajTsemm 
ieii&^^phide  of  Anenic  sdd  WAi  filter^  o^,  dried  at  1 
irmi.  were  obUiMAd,  wbicb  oorr^Bpoads  to  O-OB^l' 
0-02107.  J 

The  Mcood  quettioD  ako  U  ihdrelore  ansvared  lii|| 

92.  SoLtmos  OF  Cm^onwm  ow  Maqmrmjjm  dm 
(to  S  154,  fli 

If  Bome  €3ilorlde  ol  <^dum  is  added  ta  &  solutioa, 
then  a  little  oxalate  c»f  nmmoTim,  no  precipitate 
aligbtl^  iiii<^«Asiiig  the  qnantity  of  oxa]^t6  of 
gisdnall^  fiep&iatcff  after  wime  time. 

If  MM  exoeaa  of  oxal&te  of  ammonia  la  added,  ibe  ll 
down,  but  the  precripitate  contains  sIbo  oxalate  of  mm 
effect  the  Beparation  of  the  two  basen  by  oxalate  of  i 
be  added  m  exce^  ;  whilert.  on  the  other  baud,  \ 
magneidji,  the  operator  most  expect  to  precdpitate  mM 
following  erperimenta  (No,  fl^)  clearly  ehow*  ^ 

m.    SRPAltATIOlf  or  LtMK  ¥WOil  UaQWKSIA  (tO  §  UJ 

The  flaidfl  emptojed  m  the  following  experimenta 
Tide  of  cnloitini,  10  o»  o.  of  which  oorreiipottded  to  Od 
tloii  of  chloride  of  roagmedum^  ocmtemiiw  Ol^>0  Ug\ 
dUoride  of  ammonium  (1  :  8)  ;  aohition  of  axomonia^' 
BU  ;  solution  of  oxalate  of  ammonia  (1  :  Si) ;  aootk^  i| 

i,  H  o,  1 

The  precipitAtioQ  waa  effeot^d  at  the  common  tefl 
of  oxalate  nf  lime  wiu<  fUtored  off  after  20  hooin. 
a,   Infiuence  of  the  dej^ree  oi  dilution, 

«.  10  a  0,  Mg  CI,  10  c.  a  Ca  Cl»  10  a  a  N  H< 
water,  30  a  c.  3  N  H,  O,  O.     Rcmilt,  0*5705  Ca  C 

0.  Same  as  4,  with  150  ol  a  water  instead  of  5( 
0.  C  0». 
h.  Influence  of  exceia  of  emmoiiia. 

Bame  lua  rt,  il  +  10  e.  c.  >'  H.O.     Resnlt^  0-5GU 
tf.  InJJuence  of  excess  of  chloride  of  ammonium. 

Same  aa  a,  /i+40  c,  c,  N  H|Cl    lU^euIt,  0  5052  ( 
ll  Influctncc  of  eicoesa  of  ammonia  and  chloride  of  a 

Same  aa  a,  ^+30  c  c  N  H,Cl4- 10  a  0,  N  H^a 
ft   Inflaeuce  of  free  acetic  acid. 

8ame  as  a,  d^  onljr  with  B  drops  A^  instead  of  th 
0*5,'j94gnn. 
f^  InfluenoG  of  exce.<ffi  of  oxalate  of  ammonia^  in  fe< 

Same  a«  a,  0+20  c  c.  2  N  H«  O,  0,     Eeiinlt,  0  5 
ff.  Influeoee  of  exoasa  of  oxalate  of  ammonia^  in  str< 

Same  a«  «,  i?,  +  10  c.  a  N  H+O  +  SO  a  c  2  N  H*0, 
h.  Influence  of  exoeaa  of  oxidate  of  ammonia^  in  pre 

Bame  aa  a,  0,  ^10  N  H,  0+30  N  H«Cl+20  21 
gniL 
£.  Influence  of  exoeaa  of  oxalate  of  ammonia,  in 
with  A, 

Same  a^  a,  0,^A  diopa  N  H*0  +  6  drops  i+20 
0  5561  grm- 
Con^tequentlj,  when  a  uoltiblo  amount  of  magneMa  i 
ohance  of  oxalate  of  nra^eia^Lii^  or  oxalate  of  magnesLa  \ 
along  with  the  oxalate  of  litnc 
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Another  •eri^a  of  experiments  In  which  a  solation  of  oxalate  of  magneaia  in 
hydroctdoric  add  was  mixed  with  anunoiua  under  varyiDg  circumstanoes,  proTed 
also  that,  in  presenoe  of  a  notable  quantity  of  magnesia,  oxalate  of  magnesia,  or 
oxalate  of  magnesia  and  ammonia,  will  always  separate  after  standing  for  eotne 
time,  no  matter  whether  in  a  cold  or  a  warm  place. 

In  a  third  senea  of  experimcntfl,  the  separation  wus  effected  bj  donble  preoip- 
itation,  in  Aooordonoe  with  29-  The  Bame  solutionfi  were  employed  a«  in  the 
first  aeries,  with  the  exception  of  the  chloride  of  magnesium,  for  which  a  sola* 
tion  waa  subetltuted  oontainiug  0'2182  gnu.  Mg  O^  in  10  c.  o. 

10  a  a  CaCl4-30  a  c.  MgCl,+20  c.  c.  NHiCl^+SOO  o.  a  water, +6  drops 
ammonia,  -I-  a  sufficient  excess  of  oxalate  of  ammonia.  Results,  in  two  experi- 
ments, 0-5fi21  and  05652.  mean  0*Q63d,  mstead  of  0  5618  Ca  0,  CO,;  a^m  0'^60 
and  0-6489  Mg  O,  mean  6^6574,  in«t««d  of  0-6546. 

94  Bepahation  of  Iqdike  fhom  Chlokinb  by  Pisaki' s  Method  (to  §  169. 
204). 

0  2338  grm.  iodide  of  pota^um,  dkaoWed  in  water, +i  o.  a  of  solnticNi  of 
iodide  of  starch,  required  14  c.  c.  of  decinonnal  silYer  solution  =  0'S3S3  grm. 
iodide  of  potaasinm. 

0*d02d  grm.  iodide  of  potaasiam,  mixed  with  abont  doable  the  quantity  of 
ddoride  of  sodium,  required  18*3  c.  a  silver  solution  =^0 '3031  K  I. 

0*2266  gim,  iodide  of  potaasium^  mixed  with  about  100  times  as  much  chloride 
of  sodium,  required  1^-7  o,  c,  idlver  solution  =  0  2272  E  I. 

05.    SKP  A  RATION  OF   lODINE   FROM   BROMIPrB,  BY  PiRAIffS  METHOD  (tO  §  169» 

mm. 

0  3198  grm.  iodide  of  potassium^  mixed  with  double  the  quantity  of  bromide 
of  potassium^  required  W-2  a  o,  of  deciuormal  silver  solution  =  0  3187  K  L 

99.  CHLOKIMETRTCAL  EXTBROIKIirTa  (to  §  213). 

10  grm.  of  chloride  of  lime  were  mbbed  up  with  water  to  one  litare,  with  whioh 
the  following  experiments  were  made  : — 

a.  By  Pkmot'r  method  (%  212) ;  obtained  23'5  and  23 '5  per  oeat. 
h.  By  meonB  of  Iron  i%  213,  modification) ;  obtained  23 '6  per  cent 
e.  By  BcNSEN^B  method  (p.  508,  C) ;  results,  23*6 — &3'6  per  oent. 

100.  DRYINa   OF   MANOANEflE  (to  §  214,  I.) 

Four  smoE  pans,  oontaixiiug  each  8  grm,  of  manganese  of  59  per  cent. ,  were 
first  heated  iu  the  water-bath.  After  3  hours^  L  had  lost  0145 ;  i^ter  6  hours, 
Ih  015;  after  1*  hours,  UL  0*15;  after  12  hours,  IV.  0  15.  grm,  1  and  IL 
having  been  left  standing,  loosely  covered,  in  the  room  for  12  houm,  IT,  waa 
found  to  weigh  exactly  as  much  aa  at  first ;  L  wanted  only  0  0 1  grm,  of  the  ori- 
ginal weight, 

•  The  four  pfijoa  were  now  heated  for  two  hours  to  120''«  After  cooling,  the^ 
were  found  to  have  lost  each  0  1 80  of  the  original  weight.  L  and  11.  having 
been  left  standing,  louHely  covered.  In  the  room  for  GOhouiB,  were  found  to  have 
again  acquired  their  originAl  weight  by  attracting  moisture.  Ill,  and  IV.  were 
heated  for  2  hours  t4>  150.  The  loss  of  weight  in  both  cdses  was  0  215  grm. 
Having  been  left  standing,  loosely  covered,  iu  the  room  for  72  houns,  both  were 
found  to  weigh  0  05  lean  than  at  finst.  Aasuming  the  liygroscopio  moisture  ex* 
polled  to  be  re-abBorbed  by  fitandlng  in  the  air,  this  shows  that  at  150*  a  little 
chemicjally  combined  water  escapes  along  with  the  moisture,  and  accordingly 
thttt  the  temperature  must  not  exceed  120^ 

My  experimente  wiU  be  found  deocribed  in  detail  in  DrNOLER^s  polyt.  Jouzn., 
135,  277  et  seq. 


1 


^1 

1 

1               TAm^.                      ^              ^^^                      1 

TABLES  FOR  THE  CALCULATION  OF  AKALY8E8,                           1 

TABLE  L 

EQUrVALBIffTS  OF  THB 

EI.KMKNT8  CONaiPBRSO  IN  THS  FBBHERT  WOEKt* 

Altuninitim 

Al 

13*75 

(DUUAB) 

Antimonj 

Sb 

123  DO 

(Dumas) 

ArBenic 

As 

75-00 

<pRix>irzE,  Bkkzelius) 

Barium 

Ba 

08  50 

(Bumab) 

Bismuth 

Bl 

208  OOf 

(Scitneideb) 

Boron 

B 

11  00 

(BEitZKLiTra) 

Bromine 

Br 

80  OO 

(Marionao) 

Cidmium 

Cd 

56  00 

(G,  Y.  Haubr) 

(JouNSOK  and  Allkk,  Buksbn)                              \ 

Cesmm 

Ca 

133-00 

C&lcium 

Ca 

3000 

(BuMAB,  Ebdmakh  and  Mabchastd) 

Carbon 

0 

6-00 

(Dumas,  Ibdmann  and  Maachahd) 

ClilorinG 

CI 

85  46 

(Marionac,  Stas) 

Cluonuura 

Cr 

36-24 

(BkHLIK,  P6LIOOT) 

Cobalt 

Co 

29 '50^ 

(HoTHOrP,  DCJMAS} 

Copper 

Cu 

31  70 

(EaoMANN  and  Marcuakd) 

Flaorino 

Fl 

10  00 

<  Lou  YET) 

Gold 

Au 

106-00 

(Gom|>.  8TEBCKKB,  loo.  dt)                                            ' 

Hydrogen 

H 

I'OO 

(Dumas) 

Iodine 

I 

197-00 

(Mabionac^  Dctmab) 

iToa 

Fe 

28  00 

(Ekdmann  and  Mabchaxd) 

Lead 

Pb 

103  GO 

(BKIlZELirB,  DCMAS) 

LithiniQ 

Li 

7O0 

(0.  DiRUL,  Tkcm:»6T) 

^^          Magnesium 

Ug 

12  00 

(Marchand  and  Schebbeb) 

^B       Muganan 

Mn 

27150 

(V.  Haukr,  DUMA8)                                                         ' 

^^V         Hercury 

Bg 

100  DO 

fERDM.OiM  and  Marcuanb) 

F                Molybdenum 

Mo 

46-001 
20  501 

(BERLm) 

1                 Kiokel 

iVi 

(RoTHOFF,  Marionac^  Dumar) 

1                 Nitrogen 

N 

14  00 

(Mariqhac) 

1                 Oxygen 

0 

BW 

m                 Palladiuia 

Pd 

5di)0 

(BERXKLirs,  oomp.  Stbecxxb,  loadt) 

M                 Phosiiboruw 

P 

ai-oo 

(SCHROTTKR) 

^^_^          Platiuum 

Pt 

mM 

(ANDRKW8) 

^^B          Potoaaium 

K 

3911 

(Marionac,  Stas) 

^^F         Rubidium 

Rb 

85*40 

(BrKsEN,  Piccard) 

Selenium 

Be 

WU" 

(  (BERIlfiLIUB,    SaCO,  EeDMAKIT^    ftlld 

Silicon 

Si 

U-OO+t  (BlTMAS)                                                                                                  1 

Silver 

Ag 

107-07 

(Marionac) 

B  odium 

Na 

28  00 

(Prlouzb,  Stas) 

Strontium 

8r 

48-75 

(DOMAf«) 

Sulphur 

a 

16  00 

(Erdmakk  and  Mabcqaicd) 

TbaUium 

Tl 

203tM}tJ    (CRO0KE8)                                                                                          1 

Tin 

8n 

50'00|1 

(Dumas)                                                                    , 

Titanium 

Tl 

35  DO 

{Pierre) 

Uranium 

Ur 

59-4011(EDEr,MKN)                                                                 | 

Zino 

Zn 

93  53 

(AatBL  Erdmann) 

*  UhmB  hmm  nmommxj 

taott  which  hATeiiiioB  ba«D  oomoted.    Tlftoan  who 

EeMnbilfl  f.  AiuL  OIioil 

•*  jyanam  fomd^^-Tk 

ftaUklolisftd-aOt.                          UAftalAmrSOiiXk 

II  Ailor  HnMor  68-00. 

niO«mp.|i.l41,iii,let. 
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OOMFOfllTIOH  OV  THB 


Oboitp  L 


GMa 


Rnbidlji 


Boda 


lithi* 


Qzide  of  Ammoniiim 


Oboup  n. 


Bazyto 


StrontiA 


lima 


^iagDadk 


o    . 

.  .  iss-oo 

.    .      8*00 

.  8481 
.      5« 

OiO 

.    .  141-00 

.  loom 

Bb  . 
O    . 

.     .    86*40 
.     .      8<I0 

.  81^ 
.      8-W 

BbO 

.    M-40 

.  lOOOO 

K    . 
0    . 

.     .    8011 
.     .      800 

.  880S 
.    16*86 

KO. 

.     .    4711 

.  lOOOO 

0    . 

.     .    88*00 

.     .      8-00 

.  7411 
•    8681 

N«0 

• 

.     .    81-00 

.  loom 

li  .     . 
O    . 

.      7*00 
.     .      8*00 

.  48*87 
.    6886 

IdO 

.     .    16«) 

.  10080 

0     . 

.    18«) 
.      8i» 

.  8888 
.    80^ 

NH«0 

.     .    80*00 

.  loom 

Ba  .     . 
0    .     . 

.    08*50 
.      8«) 

.  88«4 
.    1046 

BaO 

.     .    75*60 

.  100*00 

8r  . 
O    . 

.     .    48*75 
.      Sin 

.  84«4 
.    1646 

SrO 

.    .    61*75 

.  loom 

Ca  .     . 
O     . 

.    90*00 
.     .      Bin 

.  7148 
.    8887 

CaO    . 

.    88*00 

.  loom 

^: 

.    18*00 
.      8-00 

.  oom 

.    8887 

MgO 


80-00 


loom 


TABU  II* 
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GaoiTP  m. 

AlnmiiiA 

Al,  .     . 
0,  .     . 

.  27-60  . 
.    24-00    . 

.  68-40 
.    46-60 

A1,0,    . 

.    51-60    . 

.  10000 

Beaqiiioiide  of  Ghzaminm 

Or.       . 
0,  .     . 

.  62-48  . 
.    24-00    . 

.  68-62 
.     31-88 

Cr,0, 


76-48 


100-00 


Gboup  IY. 
Oxide  of  Zino 


Protoxide  of  MangBiieae 


Beeqaioxide  of  Ifanganese 


Pnotoxide  of  Nickel 


Protoxide  of  Oobdit 


Seequioxide  of  Oobslt 


Protoxide  of  Iron 


Seaqaioxide  of  Iroa 


Zn  . 
0    .     . 

.    82-58     . 
.      800    . 

.  80-26 
.     19-74 

ZnO 

.    40-58     . 

.  100-00 

Mn 
0    . 

.    27-50    . 
8-00    . 

.  77-46 
.     22-54 

MnO 

.     85-50    . 

.  100-00 

Mn, 
0,  . 

.    55-00    . 
.    24-00     . 

.  69-62 
.    80-88 

Mn,0, 

.     .     79-00    . 

.  100-00 

Ni  . 
0     . 

.     .     29-50     . 
.     .      8-00    . 

.  78-67 
.     21-88 

NiO 

.     .    87-50    . 

.  100-00 

Oo  . 
0    . 

.     29-50    . 
.     .      8-00     . 

.  78-67 
.    21-88 

OoO 

.     87-50     . 

.  100-00 

Oo, 
0,  . 

.     .    59-00    . 
.     .    24-00    . 

.  71-08 
.     28-92 

Co,0, 

.     .    88-00    . 

.  lOOOO 

Pe. 
0    . 

.    28-00     . 
.     .      8-00    . 

.  77-78 
.     2222 

PeO 

.     .    86-00     . 

.  100-00 

Pe,. 
O,  . 

.     .    56-00    . 
.     .    24-00     . 

.  70-00 
.     80-00 

Pe,0, 

.     80-00    . 

.  100-00 

Group  V. 
Qzlde  of  SilT«r 


O    . 

igo" 


107-97 
8-00 

115-97 


98-10 
6-90 

100-00 


€06 

Oxide  of  Lead 

Suboxide  of  Meromj 

Oxide  of  Mezcoxy 

Suboxide  of  Cktpper 

Oxide  of  Copper 

Teroxide  of  Biflmath 

Oxide  of  Cadmiiiin 


Group  VL 
Teroxide  of  Gold 


Binoxide  of  Plafcimim 


Teroxide  of  Antimony 


Protoxide  of  Tin 


Binoxide  of  Tin 


TABU  n. 


Pb  .    . 
O    . 

.      8-00 

.  88« 
.      717 

PbO 

.     .  111-W 

.  lOOOO 

?■. 

.  200*00 
.     •      8O0 

.  86-15 
.      8-86 

Hr.o 

.     .  806*00 

.  100-00 

o*; . 

.  100-00 
.      8-00 

.  8819 
.      7-41 

HgO 

.  108-00 

.  100-00 

Out      . 
O    . 

.    68-40 
.     .      8O0 

.  8880 
.    11-80 

OusO   . 

.    71-40 

.  100-00 

On. 
0    . 

.     .    81-70 
.     .      8-00 

.  70-86 
.    9015 

OnO 

.     .    80-70 

.  100-00 

Bi  . 
0,  . 

.  908-00 
.     .    84-00 

.  8866 
.    10-84 

BiO, 

.     .  888O0 

.  100-00 

Od. 
O    . 

.     .    66-00 
.     .      8-00 

.  8760 
.     1860 

GdO 


An 
O,  . 


64-00 


.  106-00 
.    84-00 


.  10060 


8860 
1081 


AnO,  .     .  290-00 


100-00 


Pt .   . 

0,  .     . 

.     08-84     . 
.     10-00    . 

.  86^ 
.     1888 

PtO.   . 

.  114-84     . 

.  10060 

Sb.     . 
0.  .     . 

.  122-00     . 
.     24-00    . 

.  8866 
.     16-44 

SbO,   . 

.  146-00     . 

.  100-00 

Sn  .     • 
0    .     . 

.    69-00    . 
8-00    . 

.  8806 
.     11^ 

SnO    . 

.    67-00    . 

.  100-00 

Sn.     . 
O.   .     . 

.    68-00    . 
.    16^    . 

.  78-67 
.    91-88 

SnO. 


75-00 


100-00 


TABUB  U. 


607 


AzBenioDB  add 


As. 

O,  . 


AbO, 


76-00 
24-00 


99-00 


75-76 
24-24 


100-00 


AzBeziioaoid 


Ab 
O. 


AbO. 


76-00 
40-00 


115-00 


65-22 
84-78 


100-00 


b,  AOID& 


Ohxomioacid 


Snlphnrio  add 


Fhosphorio  add 


Boradoadd 


Ozalioadd 


OazboDioadd 


Silidoadd 


Nitric  add 


Ohlozioadd 


Or  . 
0.  . 

.    26-24    . 
.    2400    . 

.     52-28 

.     47-77 

CrOg 

.    50-24    . 

.  100-00 

8     . 
0.   . 

.     .    16-00    . 
.     .    24-00    . 

.  40-00 
.    60.00 

80. 

.     .    40-00    . 

.  100-00 

P    . 
0.  . 

.    81-00     . 
.     .    40-00    . 

.  48-66 
•    56-84 

PO. 

.     .     71-00     . 

.  100-00 

B    . 
0,  . 

.     11-00    . 
.     .     24-00    . 

.  81-48 
.     68-57 

BO, 

.    85-00    . 

.  100-00 

04    . 

0.  . 

.     .     2400    . 
.     .    48-00    . 

.  88-88 
.     66^7 

O4O. 

.     .    72-00    . 

.  100-00 

0    . 
0,  . 

600    . 
.     .     1600     . 

.  27-27 
.     72-73 

00.     . 

.    2200     . 

.  10000 

8i   . 
0.  . 

.    14-00    . 
.     16^    . 

.  46-67 
.     53-88 

SiO,    . 

.    80-00     . 

.  100-00 

N    . 

.     14-00    . 
.    40-00    *. 

.  25-98 
.    74-07 

NO.    . 

.     54-00    . 

.  100-00 

01  .     . 

0. .  , 

.     85-46    . 
.    40-00    . 

.  46-99 
.    58-01 

010.  . 

.    75-46    . 

.  100-00 

6M  xABum. 


TABLBm. 


VMDucnxm  ov  ooMPoumM  vouhd  to  oomnnTusm  aovonr  sr 

MULTIFLICATIOH  OR  DimUUI. 


TbiB  Table  oontaina  onlj  some  of  the  more  freqaently  i  _         _  . 

the  fonniilfB  pzeoeded  hj  !  giTe  abaofait^  aooniste  mqIIil    TIw  TUU»  mtf 
aieo  be  extended  to  other  ooinpoiiiida,  lor  pcooeedhig  aoootdlQf  to  ~~ 
tkmigiTenmglM. 

FOR  CrOBGANIC  ANALY8I& 

CABBonc  Acm. 
1  OMbonateof  Ihiie  x  0*44=OubQBie  acid. 


GHLO] 

Chloride  of  ahrer  x  0-3i794=ChlQriiieL 


Oxide  of  oopperxO-TWtf =Coppec. 


!  Seeiiiiioxide  of  iron  x  0-7=8  Iran. 

I  Seaqnioxide  of  00^x0-9=2  Protoxide  of  i 


Oxide  of  leadx01»83=Lead. 


Fjrrophoqphate  of  magnedA  X  0^mm=S 


Piuiuaeequioride  of  manganeae  x  0-72088=8  ] 
rtokiaaaqnioiido  of  manganeae  x  0-99018=8  Proloiide  of  i 


PHOOPHORIC  ACIDl 


P^noplKMiikate  of  magneaia  X  0-«896=PlM)a|ikoDe  I 

'      I  of  awqciOTide  of  uaynlam  (8  Ur«  O,,  FOi)x#-18tl=l 


ClOoride  of  potaanam  x  0^S2445= 
Snlpha:»  of  jK\tmm  x  0-5108=^     ___ 
PMMaN-bKhkiride  of  BlatiaDam  x  6-30607 


L 


TABLB  ni. 


Potasrio-taibhlozide  of  platinum  x  0*19372^ 

PotaaaiO'biohloride  of  platinnm  r=PotM». 

6188 


[)19373^ 


80DA. 


Chloride  of  Bodinm  x  0'680d=Soda. 
Sulphate  of  soda  x  0'48658=Soda. 


BULFUUIL 

Sulphate  of  bazyta  x  0 '18784= Sulphuz. 

SXTLFHUBIO  AOID 

Bnlphaie  of  bazyta  x  0*84885 =Sulphiizio  aoid. 

FOB  OBGANIO  ANALTSia 

CARBON. 


Oarbonic  aoidxO'2737 

or 

Carbonic  add 

8-666 

or 

Carbonic  acid  x  8 


11 


Water  X  011111 


=Oarbon. 


KTDBOOiMKt 


Water  \  =Hy*wg«n. 


I- 


inTBOOBS, 


Ammonio-blohloride  of  platinum  x  O-OftMOsKitvQseiL 
Platinum  x  0'1416=Nitroge&. 

89 


BoroiiL. 


BnMiiiiie.. 


CSutMM]. 


2  11^0,  511,  O.AsO, 
Bjinrta 

Sulpbat^  of  baijlK 

Ea  O.  S  Oj 

CaHMOmte  oE  ti«rrt» 

BaO,  CO| 

5illfio^£laonide  of  NiTinm 

B*  Tt  Si  Fl, 

Teffixide  of  bismntli 

BiO, 

EoTucie  acdd 

BO, 

B^ml<ie  of  ailref 

AgBr 

Ozuleof  if^^^^THttam 

CdO 

lime 

CaO 

Sulphate  of  lime 

Ca  O.  S  O, 

Cvbon^te  of  lime 

Ca  O,  C  O, 

C^rbonif^  mcid 


AsOi 

Ajseuioos  add 

Aa  O, 

Baxium 

Ba 

Bajyt* 

Ea  O 

fiaiTta 

B«0 

BuTta 

Ba  O 

BlcDnth 

Bi 

Boron 

B 

Brotniiiie 

Bf 
Oidmimm 

04 

Caldimi 

Ca 

CaO 


C&O 

Carboii 

C 


0-80655 
0314S9 
042560 

0714^ 
0  4117$ 
05600a 


^^^^^^^^^              TABLE   IT.                  ^^^^                         611                     ^J 
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Gompoand  foniid,                                                                                                                           ^^| 

9 

3 

i 

5 

e 

1 

8 

^H 

1-06706 

1-60104 

213592 

21J6990 

3^30389 

3-78787 

4i2n85 

4-80588                  ^M 

0^008 

01)5413 

1  27217 

1  '5D021 

1*90825 

2-22629 

254438 

2-86887                  ^M 

0-23288 

0-34932 

0*46576 

0*58220 

0-69864 

0*81508 

0-98152 

1-04796                  ^M 

015228 

0-22S42 

0*30456 

0-38070 

045664 

0*53299 

0-60913 

0-68527                  ^1 

1(J7123 

2-50685 

8-34347 

417808 

5-01370 

5-84932 

6-68194 

7*62065                 ^H 

1-43529 

2  15294 

2-87059 

3-68834 

4-30688 

5<)e853 

574118 

6  45888                  ^M 

l-71T(Ki 

2-57647 

8-4S580 

4-89412 

5-15294 

6-01177 

6*87059 

7-78948                 ^M 

1*80610 

8-84416 

3  •70221 

4-74036 

5-68831 

6-63636 

7-58412 

8  53847                 ^1 

1*51518 

2*27274 

3  0.1032 

3-78700 

4*54548 

5-80306 

6*06064 

6^1888                 ^M 

1-80435 

1-95652 

2-00870 

3*26087 

di)1804 

4*56522 

5  21789 

6-86957                 H 

1-72174 

2'5836t 

3-44348 

4*30435 

5  16521 

6*02608 

0^695 

774788                 ^M 

1-60075 

241463 

3  21951 

4-02439 

4^2927 

5-68415 

6*43902 

7  84890                  ^M 

1-86009 

2-80488 

8*78984 

4*67480 

5 '60975 

6-54471 

7*470a7 

8-41468                  ^M 

1-21053 

I -81579 

2-42105 

3-02631 

3^158 

4-23684 

484210 

5-44787                  ^M 

1  ■04210 

150316 

2*08421 

2iS0526 

8-18631 

3  ■64736 

4*16842 

468947                 ^M 

179085 

2-68627 

3*58170 

4-47712 

6-87255 

6-26797 

7-16840 

BiXSBi                ^M 

1-31330 

nwjfme 

8-62661 

3-28326 

3-93991 

4-59656 

6*26388 

5-90987                 ^M 

1-55330 

2*32995 

8-10660 

3-88325 

4^990 

5*43655 

6^1380 

6-98985                 ^M 

1-09677 

1-64516 

219355 

2*74194 

8-80032 

8-88871 

4^710 

41NUM8                 ^M 

1-70810 

2^8965 

3-58620 

4-48275 

5-37980 

6-87586 

7  17240 

6-06805                 ^M 

0  62857 

0^4280 

1-25714 

157143 

1-88572 

2-80000 

2*51429 

2*88857                 ^M 

0  85120 

1187680 

1-70240 

2-1280O 

2*55860 

2-97920 

3*40480 

388040                 ^M 

1*75000 

262600 

8*50000 

4*87500 

5*25000 

6*X2500 

7  00000 

7*87500                  ^M 

1-43857 

214286 

8-86714 

3*57143 

4-38571 

5'00(K>0 

571439 

6  48857                  ^M 

0'8a863 

123520 

1-64706 

2*05882 

2-47059 

2 '88885 

3^i9412 

3-70588                  ^M 

1-12000 

1-68000 

2-34000 

2-80CO0 

8*36000 

8-92000 

4*48000 

5^000                 ^M 

0  54546 

0-81818 

1-09091 

1^6864 

1-68636 

1-9O90O 

2-18161 

8-46455                 ^M 

TAMIM  fW^ 


TABLE  TV. 


CuboQ... 


Qhrramitim-  _ 


CJobftlt 


fXtppOJ  \t . 


Iodine. .... 


Iro^ . 


Lead. 


LiUiiiitEL . 


fSftttiOiiale  af  lime 

C«  O,  C  O, 
Cbloridt  of  iOtct 

Aga 

Chlaride  of  ^f%r 

A^Cl 

Seoqiuoxide  of  cilmiminin 

Cr*0, 

8«iqiiioiJde  <»f  <^ircpmtuni 

Cr,  Oi 

Cliroiimlie  ol  l«»d 

PbO,  CrO, 

Gabftlt 

Co 

gf^pha^te  of  protoxide  of  ooball 

Co  O,  S  O, 

Snlpb&te  of  oobalt  +  snlphftte  of 

9  i€Q  o,  s  o,)  ^  3  rK  o,  s  o.) 

SiilphBte  of  oob&lt  +  eulpluite  of 

potaifflai 

2(CoOj,SOt>+3(KO,  SOJ 

mtdaof  oopper 

OaO 

Snlwalphide  of  csoppat 

Ctxj  S 
Fluoride  of  GAlctum 

CaFl 

Flnoiide  of  ■Qioon 

Si  Hm 

HD 

Iodide  of  jitIr«T 

Agl 

ProtiodJde  of  p&Uadiimi 

Pdl 

Seaqnioxide  of  htoa 

Fej  O, 

Scequioxide  of  iron 

Fe,  O, 

Stilphide  of  iron 

FeS 

Oxide  of  lead 

PbO 

StLlphaie  of  lead 

Pb  O,  S  O, 
Sulph&te  of  lead 

Pb  O,  S  O, 

Solphido  of  lead 

FbS 

Garbon&te  of  Uthia 

U0,€0, 
Stilphate  of  tithia 

Li  o,  s  o, 

Baaie  pboi<pbaio  of  tithia 
3  Li  O,  PO, 


Sm^^i^ 


Carbooieaod 

CO, 

Chlorine 

CI 

Hydiochlorie  &c£d 

HCl 

Chromium 

Ct, 

OfarDmlo  add 

2  CrO, 

GhiomiG  add 

Cr  O, 

Proloxide  of  oobalt 

CoO 
Protoxide  of  cobidfc 

C<>0 
Protoxide  of  cobalt 

aooo 

GolMlt 
f  Go 

Copper 

Cn 
Copper 

Cng 
Fluorine 

Fl 
Fluorine 

Fl, 

Hjdrog^eii 

H 

Iodine 

I 
Iodine 

I 

Iron 

F^i 

Ppotonde  of  iron 

SFeO 

Iron 

Fe 

Lead 

Pb 

Oxide  of  lead 

FbO 

Lead 

Pb 

Oxide  of  lead 

PbO 

Lithift 

Li  O 

LIthift 

LiO 

Litbia 

8  LiO 


0  44(K)0 
Ot!083 

i^iii 

0  18011 


I 


0  4^1$ 

Oltlll 
054019 
0^70550 

0^90000 

01^17 
0^s:i05 
040541 
027373 
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(0miimi0i^, 

I 

s 

3 

4 

6 

« 

7 

8 

9                                    ^ 

0-89000 

1-82000 

176000 

2-200O0 

2-64000 

8*08000 

8*52000 

8^6000 

0-49448 

0-74172 

0*98896 

1  '23620 

1*48844 

178068 

1^7702 

2132516 

0*50642 

0*76263 

1-01684 

1-27105 

1-52526 

1-77947 

2-08368 

2  28780 

1  -sTasa 

2-05858 

2  74477 

8-43096 

4  11715 

4m?34 

5*48954 

6  17678 

2^2769 

3*84142 

5-25528 

6-56904 

7-88285 

9-19666 

10-51046 

11-82437 

.      0152124 

0-93187 

1-24249 

1*55311 

186378 

2*17485 

2*48408 

2*79560 

2  54237 

a -81356 

5-08474 

6  35598 

7-62712 

8-89830 

10*16049 

11*44067 

0-96774 

1-45161 

1-08548 

2-41035 

2^0823 

8*88710 

8-87007 

4*85484 

0*3«029 

0-54044 

072058 

0-90078 

1-08088 

1-26102 

1*44117 

1^3131 

0*28849 

042514 

0-56(586 

0-70857 

0-85029 

0-99200 

M3372 

1  27548 

1-60008 

2  39547 

810896 

8-09244 

4790&8 

5-58042 

6  38791 

718640 

1*59608 

2^9547 

3  19396 

3^9244 

479098 

558942 

6*88791 

718640 

0 -97430 

140154 

11*4872 

2-43590 

2-92307 

3-41027 

3  89743 

4  38461 

1*40154 

210231 

2-92308 

3-65385 

4  38461 

5  11538 

5 '84615 

6  57602 

0  22222 

0*44444 

0-55555 

0  •66667 

077778 

088889 

11)0000 

la&mfi 

1-62148 

210198 

2  70247 

3-24297 

378346 

4  82396 

4*86445 

1  •41111 

2  11607 

282322 

3-52778 

4^334 

4i»3889  ' 

564445 

6-35000 

140000 

2  10000 

2  80000 

3  50000 

4-20000 

4^0000  , 

5*60000 

6  30000 

1-80000 

3-70000 

8-60000 

4-50000 

5-40000 

8*30000 

7*20000 

810000 

112727^ 

190900 

2-54548 

318182 

3  81618 

4*45455 

5-09091 

572728 

1-85050 

278475 

3  71300 

4-64126 

5  56051 

6  40776 

7  42601 

885426 

1-47105 

220792 

2-94390 

3  07987 

4  41584 

615182 

5-88770 

662877 

136084 

2-04950 

2-73267 

3  41584 

4*09901 

478218 

5  46534 

614851 

1*80611 

2-79916 

8-73222 

4-66527 

5  59832 

6  53188 

7*46448 

8*39740                         . 

0*81081 

1-21022 

1-62162 

2m7m 

2*43243 

2-83784 

3  24324 

3^64865 

0*54545 

0-81818 

1*00091  1 

1*36364 

1^8686 

11*0909 

2-18182 

2-45454 

077586 

116379 

1-55172 

1^8066 

2*32750  ' 

271562 

8  10845 

349188 

u 
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TABLBI?. 


Fomul. 


SoQgiiL 


llafQeBimn. 


Kanganese. 


Hercuij.. 


Nickel. . . 
Nitrogen. 


Oxygen.. 


Hagneeia 

MgO 

Sulphate  of  magnesia 

MgO,  SO. 

Pyrophosphate  of  magnesia 

2MgO,PO» 

Protoxide  of  manganese 

MnO 

Protoeesqnioxide  of  manganese 

Mn  0+Mn,Ot 

Sesqnioxide  of  manganese 

MntOt 

Solphate  of  protoxide  of  manganese 

Mn  O,  S  Ot 

Snlphide  of  manganese 

MnS 

Sulphide  of  manganese 

MnS 

Mercury 

Hg, 
Mercury 

Hir 

Subohloride  of  mercozy 

Hg,Cl 

Sulphide  of  meicuiy 

HgS 

Protoxide  of  nickel 

NiO 

Ammonio-bichloride  of  platinum 

N  H«  CI.  Pt  CI, 

Platinum 

Pt 

Sulphate  of  baiyta 

Ba  O,  S  O, 
Cyanide  of  silver 

AgCN 

Cyanide  of  silver 

AgCN 

Alumina 

A1,0, 

Teroxide  of  antimony 

SbO, 

Arsenious  acid 

AbO, 

Arsenic  acid 

AbOs 

Baiyta 

BaO 

Teroxide  of  bismuth 

BiO, 

Oxide  of  cadmium 

CdO 

Sesquioxide  of  chromium 

Cr,0, 

Protoxide  of  cobalt 

CoO 


Magnesiiiin 

Mg 
Magnesia 

MgO 

Magnesia 

3MgO 

Mangimese 

Mn 

Mns 

Manganese 

Mufl 

Protoxide  of  manganese 

MnO 

Protoxide  of  manganese 

MnO 

Manganese 

Mn 

Suboxide  of  mercozy 

Hg,0 

Oxide  of  mercozy 

HgO 

Mercozy 

Hg, 
Mercozy 

Hg 
Nickel 

Ni 
Nitrogen 

N 
Mtrogen 

N 
Nitric  acid 

NOi 

Cyanogen 

C,N 

Hydrocyanic  add 

HC,N 

Oxygen 

O. 
Oxygen 

O, 
Oxygen 

O, 
Oxygen 

O. 
Oxygen 

O 
Oxygen 

O. 
Oxygen 

O 
Oxygen 

O, 

Oxygen 

O 


0^60030 
0*83350 
0*86098 
OT7465 
0-73068 
O^NSO 
O-47Q0O 
O-81600 

1-O4000 
1-08000 
0-84940 
O-80807 
0-78W7 
0-06071 
0-U155 
0-46852 
010410 
0-20156 
0-46602 
016438 
0-24242 
0^783 
0-10458 
0-10345 
0-12500 
0-31881 
0-21338 


^                        ^           ^TABLE  ri%                    ^             615              ^H 

tetmtimi^                                                                                                              ^^H 

t 

s 

4 

5 

6 

7 

8 

•     I 

1-30061 

1-80091 

2-40131 

3-00151 

3-60182 

4-30212 

4-80242 

5-40278                ^M 

0-66700 

1-00051 

1  •3;i401 

1  -00751 

2-DOlOl 

2-33451 

21S6802 

3-00162                ^1 

0-72072 

1  08108 

1-44144 

1-80180 

2  16216 

2-52252 

2-88288 

3-24324                       1 

1*54980 

2-S2394 

8-09859 

3^7824 

4*64789 

542254 

6-19718 

6-97188                      J 

1-44105 

3  16167 

2^210 

3  00262 

4-32314 

5-04867 

5-76419 

6  48472                fl 

1  ■891241 

3-0e861 

2-78481 

3-48102 

417722 

487342 

5-56962 

6-26688                ^M 

0-94040 

1-41000 

1-88080 

2-35099 

2-82119 

829139 

8-76159 

423179               ^M 

1-68218 

2-44828 

3 -26487 

4-08046 

4-89655 

571264 

6-52874 

7-34488 

^0-26437 

1-89655 

2-52874 

3-16092 

8-79310 

442529 

5  05747 

5-68966 

^^0*08000 

8-12000 

4-16000 

5-20000 

6-24000 

7-28000 

8-32000 

9-30000 

^B|'16000 

3-24000 

4-32000 

5-400OO 

6-48000 

7-50CK)O 

8-64000 

9-73000 

^Vl*0«880 

2-54820 

3-89760 

4-24701 

6-09641 

5-94581 

6-79521 

7-64461 

1-79414 

2-58621 

8-44828 

4-31034  ' 

5-17241 

6-034^18 

6-89655 

7  75862 

1-67833 

2-36000 

3-14607 

3-93333 

4-72000 

5 '50007 

6  29834 

7  08000 

0-12542 

018812 

0*25083 

0-31854 

0-37625 

0-43896 

0-50166 

0-56437               ^M 

0^38810 

0  42464 

0 '50010 

0-70774 

0-84929 

0119084 

118238 

1^7898               ^m 

0-02704 

1-39050 

t -85408 

2*31760 

2  78111 

8^4463 

3-70815 

4-17167 

^0  88820 

0  58230 

0 -77040 

0-97050 

1-16460 

1-35870 

1-55280 

174690 

I^VO'40312 

0  00468 

080024 

1  00780 

1  20936 

1-41092 

1-61248 

1-81404 

1^  0*93204 

1-39806 

1-86406 

2-38010 

279611 

8-26218 

872815 

419417 

^HOaSdTT 

0-49315 

0-65754 

0-82192 

0-98630 

1-15069 

1-31507 

1-479^ 

^Ho*48484 

072726 

01Hl9fiH 

1-21210 

145452 

169694 

1-93936 

2*lil78 

V        0-69565 

1-04848 

1-39130 

173913 

2  06696 

2  43478 

2^m&i 

3  13043 

^KQ-aoeis 

031878 

0-41830 

0-52288 

0-02745 

0-73303 

0-83660 

0i>4U8 

^^0-20600 

0-31035 

0  41360 

0^1725 

0*62070 

072415 

082760 

0113105 

^Ho '25000 

0-37500 

0-500O0 

0*62500 

0*75000 

0-87500 

I -00000 

112500 

^Ho  60702 

0-94143 

1-25524 

1-56905 

1-88286 

219667 

2-51048 

2-82429 

^^^^mi 

004000 

0-85333 

1-O06G7 

1-28000 

1-49333 

1-70666 

1^2000               ^M 

k           2 

€H 


TAHJI.iy. 


TABLBIV. 


Pbund. 


Oxide  of  oofyper 

CnO 
Pxotoxide  ol  iron 
FeO 
Seaqmoxide  of  izon 
Fe,  O, 
Oxide  of  lead 
PbO 
liime 
GaO 
Hagneeda 
MgO 
Pxotoxide  of  manganese 
MnO 
PxotoBesqoioxide  of  mangaaeM 
Mn  O  +  Mnt  O, 
Seaqoioxide  of  mangimeee 
Mni  Ot 
Suboxide  of  merouzy 
Hg,0 
Oxide  of  merouzy 
HgO 
Pxotoxide  of  nickel 
NiO 
Potaosa 
KO 
SiHaicaflid 
SiO, 
Oxide  of  aUyer 
Ago 
Soda 
NaO 
Strontia 
SrO 
Binoxide  of  tin 
SnO, 
Water 
HO 
Oxide  of  lino 
ZnO 
Phosphoric  add 
PO. 
Pyzophoephate  of  magneeia 

2  Mg  O,  P  O, 
Phoephate  of  sesqaioxide  of  iron 

Fe,  0„  P  O5 
Phosphate  of  silver 

3  Ag  O,  P  O, 
Phoqihate  of  sesquioxide  of  oraninm 

2  Uit  0„  P  O, 

Pyrophosphate  of  silver 

2  Ag  O,  P  0» 

Potassa 

KO 

Sulphate  of  potaasa 

K  O,  S  O, 


BoogbL 


Oxygen 
^  O 
Oxygen 

O 
Oiygcu 

Oxygen 
^  O 
Oxygen 

Oxygen 

O 
Oxygen 
^  O 
Oxygen 

O* 
Oxygen 
-  O. 
Oxygen 
^  O 
Oxygen 

O 
Oxygen 

O 
Oxygen 

O 
Oxygen 

O, 
Oxygen 

O 
Oxygen 
^  O 
Oxygen 

O 
Oxygen 

O, 
Oxygen 

O 
Oxygen 

O 
Phosphorus 

P 
Phosphoric  aoid 

PO. 
Phosphoric  add 

PO. 
Phosphoric  add 

PO. 
Phosphoric  add 

PO. 

Phosphoric  add 

PO. 

Potasdom 

K 

Potassa 

KO 


1 
0-S0161 

0^0000 
0-07175 
0-2^1 
01W70 

0^0680 

O-O7407 
0-2188S 
016088 
0-53338 

0i25810 
0-15459 
0^1333 


0-19740 
043662 
0^3964 
0-47020 
016949 
019910 
0^83437 
0-83018 
0-54080 


^^m                            ^^^^P                 TABLE   IT.                      ^^^^p                                        ^H 

(oemtinusd).                                                                                                                    ^^^^M 

9 

a 

4 

5 

6 

7 

8 

^1 

0'40S03 

0  60458 

0*80604 

1*00756 

1-30907 

141068 

1-61209 

1-81800                H 

0-44444 

0.06067 

0198889 

1  11111 

1*33333 

155555 

1-77778 

3  00000                fl 

0-00000 

ODOOOO 

1 -20000 

1-50000 

1-80000 

3  100OO 

3*40000 

370000               H 

.         0-14350 

0  21535 

0-38700 

0-35874 

0-43049 

0-50224 

0  57899 

0-64574                ^M 

0*57143 

0*85714 

114280 

1*42867 

1*71429 

2  00000 

2-38671 

2  67148                H 

079939 

119900 

1*59870 

1-99849 

2*39818 

2-79788 

819758 

3  59727                ^m 

0-4S070 

0  67006 

0iW141 

112070 

1-35211 

1  "67740 

1*80283 

3-03817                H 

0558$>S 

0-83843 

1*11790 

189738 

1-07680 

1^6688 

2-23581 

2*61528                B 

0-6075fl 

0-91 139 

1*21519 

1-51899 

1-82278 

2  12058 

2  43088 

2*73417                H 

1        0-07603 

0  11639 

0*15385 

0-19231 

0 -28077 

0-20923 

0  30770 

0*34010                H 

01IS15 

0-22223 

0-29030 

0*37037 

0*44444 

0-51852 

059259 

0-66667                H 

a-4S«67 

0 -64000 

0  85333 

106007 

1-28000 

1*49333 

1-70007 

1-92000               ^1 

0-330fl4 

0  50040 

0-67938 

0-84910 

1-01892 

118874 

1-86850 

1*52838                ^M 

106067 

100000 

2*13333 

8-06667 

3*20000 

8-78883 

4-20667 

4*80000               H 

0  13796 

0-20004 

0-27503 

0  34490 

0*41388 

0-48286 

0*55184 

0-62082                H 

0  51691 

0-77431 

1-03343 

li20O52 

154868 

180073 

2  00484 

2'322»4               ^M 

0'309ie 

0-40377  ' 

0-61836 

0-77395 

0-92758 

1*08212 

123671 

1-39130               ^M 

043667 

0-64000 

0*85833 

11)6607 

1'2«000 

148333 

170007 

1 1)2000               ^M 

1-77778 

3-66667 

3*55556 

4-44445 

5-33333 

6  22222 

7*11111 

8*00000                ^M 

0-3d480 

0*50230 

0*78900 

0*98700 

M8440 

1*88190  , 

1*57920 

1-77660          ^^H 

'        0-87334 

1-30086 

1-74648 

2  18309 

2-61971 

3  05033 

8  49395 

8  92057          ^^H 

1-27928 

1  -91892 

2*55856 

3  19820  1 

8-88784 

4^47748 

6'im2 

675070         ^^H 

O'#4040 

1*41060 

1^8080 

2-85099 

2-82119 

8-20139 

370169 

4-28179         ^^H 

0-88898 

0*50847 

0'6779e 

0-84745 

1-01694 

118043 

1^85692 

1*52541           ^^B 

0-39821 

0-59731 

0-79041 

0D9551 

119403 

139372 

1*59282 

179193                 ^1 

0*46874 

0-70311 

0-93748  ' 

1*17185 

1*40622 

1^059 

187490 

210933          ^^H 

1  tlG036 

2-49054 

3-32073 

4  15090 

4^106 

6*81126 

6-04144 

7  47102          ^^H 

1-08161 

1-62341 

310821 

270409 

8-24483 

378668 

4-82043 

4-80733                 1 

L            1 
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TABLE  IV. 


H,™^ 

FofimiL 

S^msbL 

I 

PotitfAtitii. .  - 

Chloride  of  poteiiiitm 

Pola^nm 

Oti^MB 

KO 

K 

Cbloiide  of  potaBsium 

Potaasa 

o^ira 

KCl 

KO 

Potawio-biobloride  of  platmttia 

FoUiMm 

019CT 

K  CI,  Pt  Clt, 

KO 

Potaaiio-bidUodde  of  plAtmnm 

Chloride  of  potaaMum 

omw 

K  CI,  Pt  CI, 

KCl                 1 

guide  add 

Silicon 

040867 

SiOt 

Si 

SJlT«r....,«p 

Chlonde  of  ittlter 

SEver 

0'732Tft 

AgCJ 

Ag 

CWorida  of  ftilT«r 

Ozldo  of  ailvex 

0-80654 

AgCl 

Ago 

SodlTMlL,*.,* 

Sodm 

Sodium 

0-?41» 

NaO 

Ka 

Biilph&te  of  iodft 

SodA 

o-^ssa 

Nft  0,  S  0, 

NaO 

Ohlonde  of  sodium 

Soda 

O530S3 

NaCl 

K»  0 

Chloride  of  Sodium 

Sodimn 

o-s^s? 

Nft  CI 

Ka 

Gajboimt,^  of  soda 

godA 

01S&4S7 

Na  D,  C  0, 

NaO 

S^QsM'Qffl^ .  m 

Stroutia 

Strontlnizi 

0#454l 

SrO 

Sr 

Sulphate  of  strontia 

8tnm1aa 

0-56403 

Sr  0,  B  0, 

SrO 

Carbonate  of  Btrontia 

Strontla 

070109 

BrO,  CO, 

SrO 

Sulphur. . . , , 

Sulphate  of  bAiyta 

Sulphni 

013734 

BaO,  BO, 

a 

Tersulphidc  of  aiuenio 

Sulphur 

039034 

MB^ 

B, 

Sulphate  of  bftiyta 

Sulphurio  acid 

0-34335 

Bft  0,  S  0. 

SOi 

tllL. 

Binoxide  of  tin 

Tin 

,  0-78067 

8n  0, 

Sn 

Binoxide  of  tin 

Protoxid©  of  tan 

0-8^333 

BnO^ 

SnO 

Zmo *. 

Oidde  of  due 

Zine 

0^0260 

ZnO 

Zu 

Sulphide  of  xmo 

Oxide  of  eino 

0-83515 

ZuS 

ZnO 

Sulphide  of  xing 

Zino 

0-S7031 

ZnB 

Zn 

TABLE  IT. 


619 


(eontimud). 


s 

8 

4 

6 

« 

7 

8 

9 

1-04890 

1-57885 

2-09780 

2-62225 

8-14669 

8-67114 

4-19559 

4-72004 

1-20846 

1-89519 

2-52692 

8-15865 

8-79087 

4-42210 

6-05388 

5-68556 

0-88645 

0-57817 

0-77090 

0-96862 

1-15634 

1-34907 

1-54179 

173452 

0-61015 

0-91522 

1-22080 

1-52537 

1-83044 

213552 

2-44059 

274567 

0-93883 

1-40001 

1-86667 

2*83333 

2-80000 

8-26667 

8-78833 

4-20000 

1-50552 

2-25828 

8-01104 

8-76380 

4-51656 

5-26982 

6-02208 

677484 

1-61708 

2-42562 

8-28416 

4-04270 

4-85124 

6-66978 

6-46832 

7-27686 

1-48879 

2-22569 

2-96758 

870948 

4-45137 

6-19327 

5-98516 

6-67706 

0-87816 

1-80975 

1-74688 

218291 

2-61949 

8-05607 

3-49265 

8-92924 

1-06048 

1-59065 

2-12086 

2-65108 

8-18180 

871151 

4-24178 

477194 

0-78678 

118009 

1-67346 

1-96688 

2-86019 

275856 

8-14692 

8-54029 

1-16974 

1-75460 

2-88947 

2-92484 

8-50921 

4-09407 

4-67894 

6-26881 

1-69082 

2-58628 

8-38164 

4-22705 

5-07247 

5-91788 

676829 

7-60870 

112807 

1-69210 

2-25613 

2-82017 

3-88420 

8-94823 

4-51226 

5-07680 

1-40839 

2-10508 

2-80678 

3-50848 

4-21017 

4-91186 

6-61856 

6-81526 

0-27468 

0-41202 

0-64986 

0-68670 

0-82403 

0-96137 

1-09871 

1-28605 

0-78049 

1-17078 

1-56097 

1-95122 

2-84146 

878170 

3-12194 

8-61219 

0-68670 

1-08004 

1-87389 

171674 

2-06009 

2-40844 

274678 

8-09013 

1-57833 

2-86000 

8-14667 

8-98388 

472000 

5-50667 

6-29334 

7-08000 

178667 

2-68000 

8  •57838 

4-46667 

6-86000 

6-25833 

7-14666 

8-04000 

1-60620 

2-40780 

8-21040 

4-01800 

4-81560 

6-61820 

6-42080 

722840 

1-67081 

2-50546 

8-84062 

4-17577 

6-01092 

6-84608 

6-68123 

7-51639 

1-84061 

2-01092 

2-68128 

8-85154 

4-02184 

4-69215 

5-86246 

6-03276 

TABLE  VT. 

COMPABISON  OF  THE  DEGREES  OF  THE  HERCURIAL  THZBMOMETBR  WITH 
THOSE  OF  THE  AIR  THERMOMETER. 

According  to  Magkus. 

Degrees  of  the  mercarial  Degreee  of  tlie  ftir 

thennometfer.  thennoineter. 

100 100-00 

150 148-74 

200 l»7-49 

250 245-39 

800 294-51 

880 820-92 


EDITOR^S   APPEinDIX. 


CORRECTION   OF  THE   VOLUME  OF  GASES. 

Db,  Gibbs'  method  of  finding  at  once  the  iot<d  correction  Jor  tempera^ 
tur^^  pressure,  and  moisture  in  absoluU  d«lerminaiion§  of  niirogeny  or 
other  gases  : — * 

"  I  take  a  gi"aduafe<Mi  tube,  which  I  fill  with  mercury,  then  displace 
about  two-tkirda  of  the  uiercury  with  air,  and  invert  the  tube  into  a  cis- 
tern of  mercury.  Tlien  I  make  four  or  five  determinations  of  the  volume 
of  the  included  (moist)  air  in  Ihe  usual  manner,  iUid  find  the  volume 
of  the  air  at  0°  and  T'iO™"  as  a  mean  of  all  the  deternunations.  This 
tube  I  call  the  companion  tube,  and  it  alwa^^a  hangs  in  tlie  little  room 
I  use  for  gas  analyses.  Suppose  the  volume  of  (dry)  air  at  O'^  and  760'^™ 
is  132, 35  cc. 

"  Now,  in  making  an  absolute  nitrogen  deteruibmiion  I  collect  the 
nitrogen  moiRt  over  mercnrj  in  a  graduated  tube,  and  then  suspend  the 
measuring  tube  by  the  Hide  of  the  companion  tube.  I  then  by  a  cord 
and  pulley  bring  the  level  of  the  mercijry  in  the  two  tubes  to  correspond 
exactly,  and  then  read  off  the  volume  of  air  in  the  companion  tube  and 
the  Tolume  of  nitrogen  in  the  measuring  tube.  I  ought  to  have  stated 
that  the  two  tubes  hang  in  the  siime  cistern  of  mercury.  Suppose  the 
volume  of  ^JT  in  the  com|>anion  tube  to  be  143  c.c, ;  then  the  total  cor- 
rection for  temperature,  pressure  and  moisture  will  be  143 —  132'35^ 
10  "65  c,c.  The  correction  for  the  nitrogen  will  then  be  found  by  Rule 
of  Three,  As  the  observed  volume  of  air  in  the  companion  tube  is  to 
the  observed  volume  of  nitrogen,  so  is  (in  this  case)  10  65  to  the  re- 
quired correction.  In  this  way,  when  the  volume  of  air  in  the  com- 
panion tube  is  once  found,  ho  further  observatimis  of  lemperahvrSy  prs^ 
sttre^  or  height  of  raercury  above  the  merntry  in  the  ctjiteim  are  necessary, 
ITie  companion  tube  lasts  for  an  indefinite  time.  I  have  even  used  it 
filled  with  water,  without  any  appreciable  cbange  in  some  weeks,  but  I 
prefer  mercury.  As  the  two  tubes  hang  side  by  side,  there  is  never  an 
appreciable  difference  of  temj>erature.  My  results  are  most  satisfactory. 
Williamson  «k  Russell  have,  as  you  know,  used  a  companion  tube 
for  eqMathig  pressures,  but  not  for  finding  the  total  value  of  the  tem- 
perature and  pressure  correction  at  once ;  and  I  believe  that  my  process 
is  wholly  new.  Certainly  it  is  wonderfully  convenient,  and  saves  all 
tables  and  labor  of  computtition." 


ASSAY   or   CHROMIC    IBOJT, 


Mix  the  pulverized  ore  in  a  platinum  vessel  with  three  partii  of  pub 
veriged  and  pure  cryolite ;  upon  the  top  of  the  mixture  place  twelve 


*  Private  oommunioation. 


rs  AfTEreix. 


of  1iimTf)lu^te  of  pofnwij  <ir  of 


for  ilWo  minittes: 


tbe  cold  fused 


Ileal,  eftoticNulj  at  firrf^  to 


wit^  ft 


■Ituny  krctraelilortc  add^  for  ben  minutes— (ao  far  Oibbs  and  Clarke^ 
Aa^  J&ur.  iSei,  2d  «er,  adv.,  1 7S) ;  add  m  few  drops  of  alcohol  to 
redsee  anj  eiiftmiie  acid  ;  dilute  with  water,  aud  add  c^utiouslj  ddorlde 
<if  lartiun  until  all  eulpburie  add  is  precipitated.  Filter ;  conoeotrate 
tlie  filtrate  to  a  amall  ImJk  in  a  poroekin  capside ;  add  (aecoidtiig  H 
Stoeek  and  PfUBaOy,  .'Ini.  j€ntr.  »^^f  2d  ser.^  sdviiL,  pp,  19^200) 
nitric  add  and  crjatak  of  clilofat«  of  pota^  and  maintain  the  heat 
(cofToing  ito  capsmle  with  an  ioTerte4  funnel)  until  the  chmmiiim  la  all 
0gidijpftd  to  duiMnic  acid  ;  add^  if  needful,  more  chloride  of  baiinm,  to 
conTert  ihn^  chrc^mic  acid  into  chmmate  of  barium ;  evaporate  off  the 
great  execs  of  add  ;  dilute.  Allow  the  predpitate  to  Bubddd ;  decant 
thm  dear  Hqaid  into  a  £lter ;  wash  the  prec^ipitat^  by  decantation 
vMk  aolii^on  of  aee-tate  of  aaunoiiia,  finallj  tranKfemng  it  to  the  filter ; 
dr^;  ig&ite  g^ntlj  apart  from  the  filter,  and  wd^  the  chroma te  of 
htiftm. 

W^yTWi-^^thb  ab^Te  vdbexne,  a»  fet  tiiictiied  bj  the  Bditor,  m  «implj  prtrptmA. 
aa  an  attempt  to  oombine  the  best  points  in  tbe  two  Taltiahle  oommiinicsationi 
vafeuisd  to,  with  a  view  t^  tnakft  a  rapid  method  for  ei^nialing  i^rommm  in  iti 
ova  Tha  otpci  %  itioii  of  StcKrer  and  Fffarson  in  the  paper  abova  died  rp.  2l)U^ 
^  T,)f  fnmusea  a  atOl  better  method^  which  deserve*  elaboiration. 


: 


scrjuuTK>H  or  rscwFaoHic  ajcid  fbou  um^  alohica,  A3n>  oxms  or 

In  absmce  of  milpkutie  ctdif,  BaASStKB  {Ann.  Chirrs.  I^hi^s,  [4]  vii, 
S&S)  dissolves  the  phos|»hate3  in  hjdroehlode  acid^  adds  ammonia  in 

p X cj^ - ^ ,  :-, r. -^  -  ■'][ ■-■'■■  ^ '/ '  i  ^^ -  p rr  ■-: y.l* riiad  phosphates  by  additions  of  citric 
add,  keeping  the  liquid  ammoniacal.  From  the  solution  thus  obtained, 
the  phosphoric  add  is  thrown  down  by  chloride  of  magnesium,  as  pure 
ammonio-magnesian  phosphate.  Since  the  latter  is  sensibly  soluble  in 
citrate  of  ammonia,  the  citric  acid  solution  should  be  added,  drop  by 
drop,  avoiding  an  excess.  The  chloride  of  magnesium  should  be  free 
from  sulphuric  acid,  otherwise  sulphate  of  lime  would  also  be  precipi- 
tated. It  is  to  be  expected  that  the  results  will  fall  out  too  low  in 
presence  of  much  iron  or  alumina  (see  p.  276,  a),  but  the  method  is  very 
convenient  for  the  analysis  of  bone-black  and  many  native  phosphates. 
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iodide   (reagent) 96 

Powdering 82 

Precipitation 58 

Salt,  analysis  of  common 514 

Sample,  selection  of 81 

Selenic  acid,  separation  from  sulphuric  acid,  see  Note 408 

Selenious  acid,  estimation 261 

Separation  of  bodies 887 

FeaO,,Al,0„  Mn  O,  Ca  O,  Mg  O,  K  O,  and  N>  0 870 

Sifting 88 

SiUca 145 

estimation 299 

hydrated 145 

separation  from  other  acids  of  group  1 402-406 

bases 209 

Silicates,  analysis  of  native 516 

SUver 124 

(reagent) 96 

bromide 146 

chloride 124 

cyanide 125 

estimation 2(XS 

in  galena 528 

iodide 147 

nitrate  (reagent),  see  Qual  Anal. 

phosphate,  tribasic 148 

separation  from  bases  of  groups  I. — IV 875 

other  bases  of  group  Y 879 

sulphide 125 

Soda  (roagent) 86 

acetate  (reagent),  see  Qual.  AtumI 

biborate  (reagent) 90 

bisulphate 104 

bisulphite  (reagent),  see  Qual.  Anal 

carbonate 104 

(reagent) 88,90 

estimation 154 

hyposulphite  (reagent) 88 

-Ume  (reagent) 98 

nitrate  (reagent)  see  Qual  Anal 
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